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CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims benefit of U.S. Provisional Appln. 
No. 60/273,710, filed March 5, 2001, and U.S. Provisional 
Appln. No. 60/276,266, filed March 15, 2001, which are each 
hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to systems and methods for 
assessing call center performance and, in particular, to 
systems and methods that allow the performance and current 
and potential levels of automation of a call center to be 
quantified. 

2 . Discussion of the Related Art 

[0002] Telephone user interfaces are the most widespread class 
of human- computer interfaces. Introduced more than a decade 
ago, touch- tone interactive voice response (IVR) systems were 
adopted enthusiastically in many call-centers and promised to 
provide customer service efficiently. However, calling 
customers (callers) have exhibited antipathy towards touch- 
tone IVR systems, viewing them as difficult to use. Further 
aggravating the callers is the fact that they often endure 
long waiting times before they can speak to live agents. 
This dichotomy is not surprising considering that most call- 
centers focus on minimizing operating costs and that 
usability and its impact on call-center operations are poorly 
understood. 
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[0003] Since touch-tone IVR systems have been deployed for more 
than a decade, a significant body of know-how on IVR systems 
has accumulated in the industry. Except for recent attempts 
to define a style guide for (telephone) speech applications, 
as in Balentine, B. and D.P. Morgan, How to Build A Speech 
Recognition Application, 1999, San Ramon, CA, Enterprise 
Integration Group, and to introduce universal commands in 
speech-enabled IVR systems, as in Cohen, M. , Universal 
Command for Telephony- Based Spoken Language Systems, SIG-CHI 
Bulletin, 2000, 32(2), pp. 25-30, this body of knowledge is 
not well documented. The prevalence of usability problems in 
deployed IVR systems suggests that designing good telephone 
interfaces is difficult and usability engineering methods for 
telephone interfaces are not well developed. 

[0004] Another area of related work is research on spoken 
dialog systems, an important application of speech 
recognition technology. Spoken dialog systems allow the 
caller to communicate with a system in a spoken dialog, not 
necessarily over the telephone. Many research articles on 
spoken dialog systems have been published, e.g., Stallard, 
D., Talk r N r Travel : A Conversational System for Air Travel 
Planning, in Applied Natural Language Processing ANLP, 2000, 
Seattle, WA; Peckham, J., A new generation of spoken language 
systems: recent results and lessons from the SUNDIAL project, 
in European Conference on Speech Communication and Technology 
EUROSPEECH, 1993, Berlin (Germany): European Speech 
Communication Association; Levin, E. and R. Pieraccini, 
CHRONUS: The Next Generation, in ARPA Workshop on Spoken 
Language Technology, 1995, Austin (TX) : Morgan Kaufmann 
Publishers, Inc.; Bennacef, S., et al., Dialog in the RIALTEL 
telephone-based system, in International Conference on Spoken 
Language Systems ICSLP, 1996, Philadelphia, PA.; and Lee, 
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C.H., et al., On Natural Language Call Routing, in Speech 
Communications, 2000, 31, pp. 309-320. 

[0005] Previous work on spoken-dialog system evaluation focused 
on quantifying the performance of the underlying 
technologies, e.g., Chang, H., A. Smith, and G. Vysotsky, An 
automated performance evaluation system for speech 
recognizers used in the telephone network, in International 
Conference on World Prosperity Through Communications, 1989; 
and Pallett, D.S., et al . , 1993 Benchmark Tests for the ARPA 
Spoken Language Program, in ARPA Workshop on Spoken Language 
Technology, 1994, Princeton (NJ) : Morgan Kaufmann Publishers, 
Inc . 

[0006] Some studies have evaluated the usability of telephone 
interfaces based on task completion rates and post- 
experimental questionnaires, e.g., Edwards, K. , et al . , 
Evaluating Commercial Speech Recognition and DTMF Technology 
for Automated Telephone Banking Services, in IEEE Colloquium 
on Advances in Interactive Voice Technologies for 
Telecommunication Services, 1997. More recently, PARADISE 
was introduced as a "consistent integrative framework for 
evaluation" of spoken language systems, as described in 
Walker, M.A. , et al . , PARADISE: A Framework for evaluating 
spoken dialogue agents, in 35th Annual Meeting of the 
Association of Computational Linguistics, 1997, Madrid: 
Morgan Kaufmann Publishers, Inc. Basically, PARADISE 
provides a method to identify measures that predict user 
satisfaction well, from the large set of measures that have 
been used in the field. However, this work does not address 
the cost for the call center, nor does it provide any 
guidance for telephone interface redesign. 
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SUMMARY OF THE INVENTION 

[0007] The present invention overcomes the deficiencies of 
earlier systems by presenting a methodology for evaluating 
both usability and cost-effectiveness of telephone user 
interfaces. The assessment methodology of the present 
invention, and the various inventive techniques utilized 
within that methodology, provide usability practitioners with 
tools to identify and quantify usability problems in 
telephone interfaces, and provide call-center managers with 
the business justification for the cost of usability- 
improvement engineering. 

[0008] The present invention relates to a system for assessing 
a call center, to enable determination of whether there are 
areas that can be improved upon. Of course, although the 
descriptions herein relate to call centers that process 
telephone calls, other types of contact centers other than 
call centers are within the realm of the present invention, 
including (but not limited to) Internet-based contact centers 
where customers contact a company's contact center via the 
Internet using known ways for transmitting messages and 
information via the Internet. 

[0009] According to one aspect of the present invention, there 
is provided a method for assessing a call center. The method 
comprises the steps of: gathering and studying information 
regarding a call flow of the call center's interactive voice 
response (IVR) system; developing a coding sheet for the call 
center, the coding sheet summarizing a call to the call 
center, including interactions between a caller and the IVR 
system and interactions between the caller and a live agent; 
tabulating a plurality of calls to the call center on the 
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coding sheet based on notes and/or recordings of entire 
calls, from beginning to end; analyzing the tabulated coding 
sheet to determine areas of the IVR system that can be 
improved; and generating an analysis report itemizing the 
areas of the IVR system that can be improved and suggesting 
ways to improve those areas. The tabulating step includes 
noting on the coding sheet, for each call, menu selections 
made by the caller in response to a prompt from the IVR 
system and a summary of interactions between the caller and a 
live agent. 

[0010] According to another aspect of the present invention, 
there is provided a method for assessing a call center. The 
method comprises the steps of: developing a coding sheet for 
the call center, the coding sheet summarizing paths a caller 
may take during a call to the call center, including 
interactions between the caller and an automated IVR system 
and interactions between the caller and a live agent; 
tabulating on the coding sheet, for each call of a plurality 
of calls to the call center, events that occurred during the 
call; analyzing the tabulated coding sheet to determine areas 
of the IVR system that can be improved; and generating an 
analysis report suggesting ways to improve the areas 
determined in the analyzing step. 

[0011] According to yet another aspect of the present 
invention, there is provided a method of assessing an 
automated call routing system's performance, the routing 
system being structured to present a caller calling into the 
automated call routing system with a call that includes an 
interactive voice response (IVR) portion and, at an option of 
the caller, an caller/agent dialog portion. The method 
comprises the steps of: monitoring calls coming into the 
automated call routing system; recording end-to-end calls 
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from among the calls coming into the automated call routing 
system; transcribing a sequence of events for the recorded 
calls, including events occurring in the IVR portion and in 
the caller/agent dialog portion, to identify predetermined 
call events of interest; analyzing the transcribed calls to 
infer a complete event sequence of each of the recorded 
calls; and calculating parameters corresponding to cost 
effectiveness and usability of the automated call routing 
system, based at least in part upon information provided to 
the caller during the IVR portion. 

[0012] According to still another aspect of the present 
invention, there is provided an apparatus operable to assess 
an automated call routing system's performance, the routing 
system being structured to present a caller calling into the 
automated call routing system with a call that includes an 
interactive voice response (IVR) portion and, at an option of 
the caller, a caller /agent dialog portion. The apparatus 
comprises: means for monitoring calls coming into the 
automated call routing system; means for recording end-to-end 
calls from among the calls coming into the automated call 
routing system; means for transcribing a sequence of events 
of each of the recorded calls, including events occurring in 
the IVR portion and in the caller/agent dialog portion, to 
identify predetermined call events of interest; means for 
analyzing the transcribed calls to infer a complete event 
sequence of each of the recorded calls; and means for 
calculating performance parameters corresponding to cost 
effectiveness and usability of the automated call routing 
system, based at least in part upon what, if any, information 
was obtained by the caller during the IVR portion. 

[0013] According to another aspect of the present invention, 
there is provided a system for assessing an automated call 
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routing system's performance, the routing system being 
structured to present a caller calling into the automated 
call routing system with a call that includes an interactive 
voice response (IVR) portion and, at an option of the caller, 
an caller/agent dialog portion. The system is operable to: 
monitor calls coming into the automated call routing system; 
record end-to-end calls from among the calls coming into the 
automated call routing system; transcribe a sequence of 
events for the recorded calls, including events occurring in 
the IVR portion and in the caller /agent dialog portion, to 
m identify predetermined call events of interest; analyze the 

W transcribed calls to infer a complete event sequence of each 

N of the recorded calls; and calculate parameters corresponding 

r K£ 

gjj to cost effectiveness and usability of the automated call 

r|J routing system, based at least in part upon information 

1, obtained by the caller during the IVR portion. 

Ul 

W 

0 [0014] According to another aspect of the present invention, 

(Si? 

jlj there is provided a computer program product embodying a 

fW program for implementing a method for assessing an automated 

call routing system's performance, the routing system being 
structured to present a caller calling into the automated 
call routing system with a call that includes an interactive 
voice response (IVR) portion and, at an option of the caller, 
an caller/agent dialog portion. The computer program product 
comprises code for: monitoring calls coming into the 
automated call routing system; recording end-to-end calls 
from among the calls coming into the automated call routing 
system; transcribing a sequence of events for the recorded 
calls, including events occurring in the IVR portion and in 
the caller/agent dialog portion, to identify predetermined 
call events of interest; analyzing the transcribed calls to 
infer a complete event sequence of each of the recorded 
calls; and calculating parameters corresponding to cost 
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effectiveness and usability of the automated call routing 
system, based at least in part upon information obtained by 
the caller during the IVR portion. 

[0015] These and other objects, features, and advantages of the 
present invention will be apparent from the following 
description of the preferred embodiments considered in 
conjunction with the corresponding drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figure 1 is a schematic diagram illustrating components 
of a complete system for call center assessment, in 
accordance with preferred embodiments of the present 
invention; 

[0017] Figure 1A is a chart describing a workflow of an 
assessment in accordance with the present invention; 

[0018] Figures 2A-2C illustrate three options for recording 
incoming calls to a call center; 

[0019] Figure 3 A is an exemplary IVR flow chart that maps out 
possible paths a caller can take while interacting with an 
IVR system; 

[0020] Figure 3B, which is a composite of Figures 3C-1 and 3C- 
2, shows a more detailed flow chart for an IVR system; 

[0021] Figure 3D is a schematic diagram of an IVR system; 

[0022] Figure 3E is a chart showing typical data collected for 
a call. 

8 
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[0023] Figure 3F shows an IVR log that includes an area for 
identifying the caller; 

[0024] Figure 4 is a diagram that illustrates a complete 
process of an IVR system analysis, according to a preferred 
embodiment of the present invention; 

[0025] Figure 5 is a diagram illustrating an exemplary 
architecture for a computer-based indexing system; 

[0026] Figure 6A is a flow chart illustrating a mini assessment 
process, according to the present invention; 

[0027] Figure 6B, which is a composite of Figures 6B-1 through 

6B-4, shows an example of a coding sheet used in mini 
assessment; 

[0028] Figure 6C, which is a composite of Figures 6C-1 through 

6C-4, shows an example of tabulated results from an analysis 

of calls to a call center; 

[0029] Figure 6D is an example of an analysis report produced 
based on the tabulated results illustrated in Figure 6B; 

[0030] Figure 7 is a diagram illustrating a process for 
measuring existing automation levels; 

[0031] Figure 8 is an example of a spreadsheet generated to 
assist in IVR system automation analysis; 
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[0032] Figure 9 is a chart showing an example of standard 
benefit assumptions; 

[0033] Figure 10 is a chart for calculating an automation 
benefit of a call center, in accordance with an embodiment of 
the present invention; 

[0034] Figure 11 shows a chart useful for calculating an upper 
bound on call center automation; 

Q [0035] Figure 12 is a bar chart for comparing upper bounds of 

JJ automation with existing levels of automation in a call 

5l center; 

ft} [0036] Figure 13 is a chart illustrating potential savings of 

Q agent time in a call center; 

El 

|* [0037] Figure 14 is an exemplary user-path diagram, in 

£b accordance with a preferred embodiment of the present 

invention; 

[0038] Figure 15 is a flow diagram illustrating a process for 
generating a user-path diagram, in accordance with the 
present invention ; 

[0039] Figure 15A is a diagram that illustrates how to read a 
user path diagram; 

[0040] Figure 16 shows an exemplary confusion matrix, developed 
in accordance with the present invention; 
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[0041] Figure 16A is a flow chart illustrating a method of 
manipulating call data files so that they may be visualized 
in a confusion matrix; 

[0042] Figure 17 is an exemplary excerpt from a .sum file; 

[0043] Figure 18 is an exemplary life-of-call diagram; 

[0044] Figure 19 is a chart comparing cost savings in three 
different IVR systems; 

^•f [0045] Figure 19A illustrates projected benefits for a touch- 

CI tone redesign versus a speech-enable call center; and 

m 

ill [0046] Figure 20 is a diagram illustrating a technique for 

PI monitoring IVR system performance. 

2 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

j "i 

If 

[0047] The present invention provides techniques for assessing 
interactive voice response (IVR) systems. The IVR system 
assessment techniques of the present invention provide 
functionality for evaluating the performance of commercial 
call centers in detail and can assist in providing concrete 
recommendations on how a call center IVR system can be 
improved. As part of this process, the IVR system assessment 
as practiced according to the present invention also 
quantifies the potential for improvement, in particular, the 
maximum operational (cost) savings a re-engineering effort 
could deliver. Advantageous results of an IVR system 
assessment include a detailed IVR system usability analysis, 
a set of recommendations for redesigning the system, and a 
business case for various redesign options. 
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I . Overview of Enumerated Techniques 
[0048] Several new techniques are described below in the 
context of assessment of call-center performance, in relation 
to call -center automation in general and to IVR systems in 
particular. For ease of reference, these techniques will be 
identified by reference numbers, as shown in Figure 1, and 
may be referred to as such throughout the specification. The 
techniques include: routing analysis 1, on-site and off -site 
end-to-end call recording 2, IVR logging 3, IVR system 
performance monitoring 4, mini assessment 5, IVR system 
analysis and prompt inference 6, call annotation and 
information retrieval 7, automation analysis 8, user-path 
diagram 9, and life-of-call diagram 10. 

[0049] Initially, the above techniques will briefly be 
discussed in terms of how they relate to the overall 
assessment method and to one another. According to a 
preferred embodiment, the techniques enumerated above fit 
into the overall assessment method of the present invention 
as follows. 

[0050] The assessment technique proceeds in two major phases. 
In the first phase, data from live calls is collected and 
processed into a format suitable for further analyses, that 
is, a database of complete call event-sequences for every 
call. The event sequence for every call should encompass 
both the IVR system-caller dialog and agent-caller dialog. 
The latter is included if such a dialog occurred during the 
call . 

- Figure 1 - 
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[0051] In the second phase, based on the call event-sequence 
database, caller behavior is analyzed from different aspects 
and summary statistics are generated. Figure 1 illustrates a 
complete process for an IVR system assessment and how the 
various enumerated techniques fit into a preferred embodiment 
of the assessment method and system of the present invention. 
Roughly speaking, the upper part of Figure 1 illustrates 
various advantageous methods for obtaining a database of call 
event- sequences, and the lower part shows various assessment 
analysis techniques in accordance with the invention. 

[0052] The capture of call event-sequences will be discussed 

•P next. The only complete record of user and system behavior 

m in telephone user interfaces are complete calls. Therefore, 

ry any comprehensive assessment of telephone user interfaces 

fj must be based on complete records of calls, which may be 

* f stored in the form of a database of call event-sequences, 

Jg: shown as a central object in Figure 1. A call typically 

;jf begins with a dialog with an automated (IVR) system, called 

\i ?. 

the IVR system-caller dialog, which may be followed by a 
dialog with a live agent, called the agent-caller dialog. 



[0053] Three of the enumerated techniques are used to collect 
data from complete calls: IVR logging 3, call recording 2, 
and (on-line) call monitoring 5. First, in IVR logging 3, 
the IVR system itself provides a complete record (log) of 
system prompts and user responses. To obtain an IVR log, the 
IVR program is configured to write an event log at every 
significant state, as the call passes through the call-flow 
logic of the program. All log entries for a specific call 
constitute the complete event sequence for the IVR system- 
caller dialog of that call, which sequence can be stored in 
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the call event- sequence database. The IVR logging technique 
is discussed in more detail below. 

[0054] Second, end-to-end recordings of calls are obtained by 
passing incoming calls through specialized recording 
hardware, which stores the audio signal for a complete call 
into a file. Methods for obtaining end-to-end call 
recordings in accordance with the present invention are 
described below in the detailed discussion of call recording 
2 . Recordings of complete calls represent a large amount of 
data that is difficult to analyze in its raw form. For 
example, one hour of recording on one channel at 8 kHz with 
an 8-bit resolution corresponds roughly to 3 0 Mbytes of audio 
data. To make the analysis of call data efficient, call 
recordings are transformed into complete IVR event sequences 
using IVR system analysis and prompt inference 6, as 
described below in the detailed description of that 
technique . 

[0055] Finally, instead of recording, a call can also be 
monitored manually, resulting in a rough, on-line annotation 
of the events of a complete call, including both the IVR 
system-caller dialog and the caller-agent dialog. This 
method is used in mini assessment 5, to be described in 
detail below. The main advantage of a mini-assessment over 
the two data collection methods discussed above is its low 
cost: instead of logging or recording and analyzing thousands 
of calls, only a few hundred calls are monitored and 
annotated manually, thus trading cost for accuracy. 

[0056] Call analyses, assessment diagnostics, and customer 
relationship management (CRM) applications will be discussed 
next. Once event sequences have been obtained for many 
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calls, these call records can be used in three main ways: to 
(constantly) monitor IVR system performance, to conduct a 
detailed IVR system assessment, and to annotate and retrieve 
information, e.g., for customer relationship management (CRM) 
purposes . 



[0057] First, in IVR system performance monitoring 4, the 
performance of an IVR system is monitored constantly using a 
few key performance statistics. These performance statistics 
are obtained directly from IVR logs in a fully automated 
pi fashion, allowing monitoring to be conducted on an on-going 

O basis. Suitable performance statistics include IVR system 
ri automation, detailed measures thereof, such as rate of 

: S"? 

V- successful capture of caller ID or successful routing or 

ill 

f|j delivery of information to the caller, or total IVR system 

! benefit. Techniques for gathering these statistics are 

u 

Id described in more detail below in relation to the technique 

] % for automation analysis 8. 

111 

[0058] Second, IVR system assessment techniques are used to 
analyze the call records in several ways to obtain detailed 
diagnostics for IVR system usability and efficiency. In one 
such technique, a user-path diagram 9 is produced that 
represents complete IVR event sequences visually in a state- 
transition diagram, which is annotated with the IVR exit 
conditions and the levels of automation achieved for every 
call. A user-path diagram essentially shows where callers 
went in the IVR system (what choices they made) , whether they 
received useful information in the IVR system, where they 
abandoned the IVR system by hanging up, and if and where in 
the IVR program they were transferred to an agent. An 
example of a user-path diagram technique in accordance with a 
preferred embodiment will be described in detail below. 
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[0059] Routing analysis 1 is a technique that allows the 
performance of IVR routing to be visualized by graphically 
comparing choices made in IVR to the true reason for the call 
(or "call type")/ as determined by annotations of agent- 
caller interactions. A confusion matrix, to be discussed 
below, is an example of such a graphical comparison. 

[0060] Automation analysis 8 is a technique that quantifies the 
benefit of the existing IVR system as well as the potential 
for increasing automation. The benefit is calculated in 
terms of agent seconds (averaged across all calls), i.e., 
agent time saved by completing transactions in the IVR system 
that otherwise would have to be handled by an agent. The 
automation analysis 8 takes into account the benefit for 
routing callers to the correct place in the IVR system, which 
is measured in the routing analysis 1. 

[0061] Finally, a lif e-of-call diagram 10 is a graphical 
technique that allows vital timing information for broad 
sections of a call, such as IVR-caller dialog, hold sections, 
and caller-agent dialogs, to be visualized. The timing of 
these sections is categorized by different call types, such 
as calls abandoned in the IVR system or while on hold for an 
agent, calls fully served in the IVR system, and calls 
handled by various kinds of specialist agents. 

[0062] A mini assessment 5 performs most of the analyses 
described above based on manual annotations of a limited 
number of calls, which are monitored on-line. Thus, a mini 
assessment 5 can be viewed as a version of an IVR system 
assessment that delivers less accurate results but at a lower 
cost . 
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[0063] As shown by various arrows in Figure 1, several of the 
IVR system assessment analysis techniques shown in that 
figure, in particular techniques 1, 8, and 10, require 
specific annotations of caller-agent dialogs. Techniques for 
gathering such annotations are described below as part of a 
more general method of annotating calls. 

[0064] Finally, calls can be annotated with semantic events, 
and a database of call event- sequences enriched with semantic 
information can be accessed using information retrieval 
techniques such as annotation 7. Calls can be annotated with 
semantic information using at least three methods: by on-line 
monitoring (as in the mini-assessment) , by manually 
annotating recorded calls, or by automatically annotating 
recorded calls. Semantic annotations can be limited to 
inputs required by an assessment, such as the true reason for 
a call (call type) and transactions or exchanges of 
information that are provided by the live agent but that 
could have been obtained in an automated (IVR) system. Once 
such a semantic call database has been developed, standard 
information retrieval techniques can be employed to access 
it. A detailed discussion of the specific techniques of the 
overall assessment system will next be described. 

- Figure 1A - 

[0065] The following describes the workflow of an assessment 
according to the preferred embodiment. The workflow is 
described with reference to Figure 1A. 

[0066] First, at step 1000 the recording method must be 
determined, i.e., how calls are being recorded end-to-end. 
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The IVR platform employed in the call center determines which 
recording method (as described above) is feasible. Preferred 
are IVR platforms with a remote service-observation feature, 
because it makes end-to-end recording possible with the least 
amount of configuration required. 

[0067] At the same stage in the workflow as determining the 
recording method, call annotation 7 and prompt inference 6 
are configured. To configure annotation 7, at step 1002 a 
coding sheet is developed that determines what constitutes 
''significant" events in the agent-caller dialog for the call 
center under investigation. As part of the configuration of 
prompt inference 6, at step 1003 a non-deterministic finite- 
state automaton is defined that models the call-flow (IVR) 
logic. In a preferred embodiment, the finite-state automaton 
is defined using a flat text file called a "call flow 
specif ication" or ".cfs" file. Once a .cfs file is 
established, a set of prompts that are to be detected (rather 
than inferred) can be determined, as will be described in 
more detail infra. 

[0068] At step 1004, end-to-end recordings of calls are made. 
Once end-to-end recordings of calls are available, call 
annotation 7 begins, at step 1005, and the various steps of 
prompt inference 6 can be configured. In a preferred 
embodiment, annotation 7 is performed manually by human 
annotators. To complete configuration of prompt inference 6, 
at step 1006 sample prompts are obtained from sample 
recordings for each prompt that is to be detected. The set 
of prompts that are to be detected have been determined 
earlier, based on the call-flow specification or .cfs file. 
Also, once recordings are available, at step 1007 a DTMF 
(dual-tone multi- frequency) detector is run automatically to 
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obtain sequences of caller DTMF inputs for every recorded 
call. Furthermore, computer programs that process thousands 
of recordings are configured to perform the steps of IVR 
system analysis 6, i.e., to configure call splitting at step 
1009, to configure prompt detection at step 1008, and to 
configure prompt inference at step 1011. This is 
accomplished by editing standard configuration files to suit 
current needs . 

Li [0069] With the completion of IVR system analysis 6 at steps 

□ 1007 and 1009-1013 and call annotation 7 at step 1005, a 

% sequence of significant events is available for every call, 

0 including both the IVR system-caller and agent-caller 

m dialogs, as applicable. Further processes to be discussed in 

{"si; 

detail infra compile this event -sequence data to produce a 
p user-path diagram 9, a routing analysis 1, an automation 

analysis 8, and a life-of-call diagram 10. 

j5j [0070] In a preferred embodiment, the user-path diagram 9 is 

generated using only IVR event- sequence data. At step 1021 
several computer scripts successively compile the event- 
sequence data into a file that contains the IVR events for 
each call in a single line, called a .sum file, fill in a 
two-way matrix that contains IVR system state-transition 
information, called a .trans file, optionally collapse the 
state- transition information by clustering states, and 
transform the state transition information into a rough 
layout as a tree, similar to the examples of user-path 
diagrams discussed infra. At step 1017 an analyst determines 
which states of the call flow should be clustered and 
represented as a single state in the user-path diagram, and a 
file must indicate the position and sizing of the various 
states to be displayed in the user-path diagram. The rough 
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layout of the user-path diagram thus obtained is then loaded 
into a visualization tool (e.g., Microsoft™ Visio™) and at 
step 1025 the layout is cleaned-up manually. 



[0071] At step 1019, routing analysis is performed using 
computer scripts that extract, for every annotated call, the 
IVR exit point from the IVR event- sequence and the call type 
from the agent-caller event sequence, and fill in a two-way 
routing matrix with counts as described infra. To configure 
these scripts, at step 1015 a file is generated that defines 
**\ the different IVR exit points and call types, and how they 

0 appear in the IVR system-caller and agent-caller event 

ijl sequences, respectively. The configured scripts are cleaned 

I: up manually using graphing programs available in standard 

ill 

p|J spreadsheets (e.g., Microsoft™ Excel™). 

a 

UJ [0072] Automation analysis 8 is performed based on the IVR 

fl event- sequence data and results of the routing analysis 1. 

S3 At step 1020 computer scripts compile the IVR event- sequences 

■3 if 

1 u 

into tables that collapse calls into various automation 
profiles, and accumulate count statistics for each profile. 
These call-profile count-statistics are read into a standard 
spreadsheet program. The spreadsheets are configured at step 
1016 to account for misrouting, as described infra. Then, 
spreadsheet calculations produce a IVR system automation 
report and estimate a total IVR system benefit. 

[0073] The process for creating a life-of-call diagram 10 is 
similar. First, a call-segment timing analysis is configured 
at step 1014 by indicating the different call types that are 
to be distinguished and which call segments have been 
annotated in calls. Next, at step 1018 computer scripts 
compile timing information based on annotations of every 
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call, and calculate average timings across various call 
types. The output from the computer scripts, in table form, 
is read into a standard spreadsheet program that is 
configured at step 1022 to produce bar charts for the life- 
of -call diagram 10, as described infra. 

[0074] Once all analyses have been completed, at step 1024 an 
analyst reviews all the data to identify specific problems in 
the call flow and to infer recommendations for call-flow 
redesign. 

II . Detailed Description of Assessment Techniques 
[0075] As outlined above, the present invention provides 
various techniques that form part of an assessment 
methodology operable to evaluate both cost effectiveness and 
usability of telephone interfaces based on a detailed 
analysis of end-to-end recordings of thousands of calls. 
This assessment methodology is applicable to both touch-tone 
IVR systems and speech-enabled IVR systems. Because agent 
time is the major cost driver in call-center operations, the 
methodology advantageously quantifies cost effectiveness in 
the form of a single number that measures how much agent 
handling time a telephone user-interface (IVR system) saves. 

[0076] To quantify usability, task completion is refined into a 
set of IVR system automation rates, and the complete traffic 
through an IVR is represented as a tree, called a user-path 
diagram. Beyond evaluation, the methodology of the present 
invention has important implications for telephone user- 
interface design. Assessment results provide concrete 
guidance on how to improve the interface. Furthermore, the 
benefit of a redesigned interface can be estimated, thus 



EXPRESS MAIL NO. EL029404298US PATENT 

Attorney Docket No. 01-4008 

providing the business justification for telephone interface 
usability reengineering. 

[0077] As discussed above, in telephone user-interfaces, 
complete calls constitute the only complete record of user 
and system behavior. Therefore, the methodology of the 
present invention for performing a comprehensive usability 
assessment of telephone interfaces is based on end-to-end 
recordings of calls. A call typically begins with a dialog 
with an automated (IVR) system, which will be referred to as 
the IVR section of the IVR system-caller dialog, which may be 
followed by a dialog with a live agent, to be referred to as 
the agent-caller dialog. 

[0078] The following sub-headings key into the various blocks 
shown in Figure 1 . 

Collecting Data from Complete Calls (Recording) 2 

[0079] Recordings of complete calls represent a large amount of 
data that is difficult to analyze in its raw form. For 
example, as mentioned above, one hour of recording on one 
channel at 8 kHz with an 8-bit resolution corresponds roughly 
to 30 Mbytes of audio data. To make the analysis of call 
data efficient, various techniques are used to transform the 
recordings into a complete trace of significant events for 
each call. 

[0080] Significant events of a call include, in the IVR section 
of a call, system prompts and caller input (touch- tone or 
speech) , and, in the agent-caller dialog, exchange of various 
kinds of information, such as account numbers, dollar 
amounts, etc., and description of the caller's problem, e.g., 
a question about a bill, an inquiry into flight schedules. 
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While most of the analyses are based on an event sequence, 
the ability to switch between a call recording and its 
representation as an event sequence is extremely advantageous 
throughout the analysis process. 



[0081] The initial stages of the assessment method of the 
present invention involve collecting data from complete calls 
and forming, from the collected call data, a call event 
trace. The formed call event trace must encompass both the 
IVR section and agent-caller dialog, if such a dialog occurs 
U during a call. The reports generated by conventional IVR 

;gj platforms are inadequate and inaccurate, because they do not 

i|| track the event sequence for a call. Instead, they merely 

Kj report "peg" counts, which indicate how many times a prompt 

W.I' 

ill or menu was visited overall, without maintaining references 

11! 

to specific calls. Conventional IVR reports are inaccurate 
Q because they count any call that ended within the IVR section 

as "resolved", regardless of whether the caller obtained any 
# useful information. 

Ill 

[0082] The best method for capturing an IVR event sequence is 
an event log that is generated by the IVR system itself, and 
is described in the disclosure corresponding to reference 
numeral 3 . However such IVR logging requires the IVR program 
code to be modified to write to an event log at appropriate 
states. This process is error-prone and intrusive to call- 
center operations. To avoid these disadvantages, the 
inventors have developed a method that infers the complete 
IVR event sequence from a call recording, and which can be 
performed after the fact. Since calls can be recorded 
remotely, the event sequence can thus be captured in an 
unobtrusive fashion. 
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[0083] The following section describes techniques employed to 
collect data from complete calls, in particular the end-to- 
end recording technique 2 and the IVR logging technique 3 . 

- Figures 2A-2C - 

[0084] Figures 2A - 2C illustrate three options for recording 
incoming calls to a call center. 

[0085] In the first option, shown in Figure 2A, recording is 
performed on-site at the call center by placing recording 
equipment at the call center site or by using a live observer 
to listen to the calls and manually note the significant 
events. The recording equipment or the live observer is 
connected directly to the call center's incoming telephone 
lines and to a customer service representative's (CSR's) 
telephone handset. 

[0086] Usually, the first option is used when a call center has 
a policy that prohibits the off-site recording of calls or 
the recording of calls altogether. Therefore, in order to be 
able to assess the performance of the call center, a live 
observer is used to listen to (observe) calls to the call 
center and to manually make a record of events that occur 
during the observed calls. During the IVR portion of the 
calls, the observer uses a commercially available DTMF 
decoding device that indicates which touch-tone buttons were 
pressed in response to various inquiries made by the IVR 
system. If a call is transferred to a live agent, the 
observer takes notes on (annotates) that portion of the call 
to manually create a record of the questions, answers, and/or 
comments exchanged between the caller and the agent. 
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[0087] In practice, a recording operation according to the 
first option proceeds as follows. A caller 1101 places a 
call to a call center 1102 via a public switched telephone 
network (PSTN) 1103, a trunking system 1104, and an automatic 
call director (ACD) system 1107. The ACD system 1107 handles 
the queuing and switching of calls to the call center 1102. 

[0088] If the call is to be recorded or observed in real time, 
a voice response unit (VRU) 1105 of the call center's IVR 
system 1106 notifies the caller 1101 that the call may be 
monitored for quality assurance or other purposes. Then, an 
electronic recorder or a live observer 1108 makes a record of 
the DTMF signals from the caller's touch-tone responses to 
inquiries or prompts from the IVR system 1106. If the caller 
1101 opts to speak with a live agent or customer service 
representative (CSR) 1109, the recorder/live observer 1108 
makes record of the caller-agent interactions. 

[0089] In the first option, recording/observation takes place 
via lines 1110 between the recorder /live observer 1108, the 
trunking system 1104, and the CSR 1109, as shown in Figure 
2A. 

[0090] In the second option, shown in Figure 2B, recording is 
performed off-site at a dedicated recording facility or other 
suitable location. This option requires the call center's 
ACD system 1107 to have one or more observation ports 1111 
that enable external dial-in observation. That is, the call 
center's ACD system 1107 must have a software "wire-tap" 
feature that allows calls to be listened to. Some 
commercially available ACD systems, including ones made by 
Lucent™ and Aspect™, have such a feature for monitoring call 
quality. 
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[0091] In practice, an off -site recording operation according 
to the second option proceeds as follows. A VRU 1112 of a 
service observation system 1113 running at an off-site 
recording facility 1114 places a call to the call center's 
observation port 1111. The VRU 1112 provides the observation 
port 1111 with a DTMF security passcode, which effectively 
gives the VRU 1112 access to the call center's incoming 
calls. The VRU 1112 then specifies an extension to be 
monitored and/or recorded. It should be understood that if 
the ACD system 1107 has several observation ports then 
several extensions may be monitored and/or recorded. 

[0092] Similar to the first option, when a caller 1101 places a 
call to a call center 1102, if the call is to be recorded, a 
VRU 1105 of the call center's IVR system 1106 notifies the 
caller 1101 that the call may be monitored for quality 
assurance or other purposes. Then, a recorder 1115 records 
the entire call, including the DTMF signals from the caller's 
touch-tone responses to inquiries or prompts from the IVR 
system 1106, as well as the caller-agent interactions, if 
any. 

[0093] In the third option, shown in Figure 2C, recording is 
performed off-site by using a router 1116 to route incoming 
calls to a VRU 1112 of an off-site service observation system 
1113. The calls are then redirected or "tromboned" back to 
the router 1116 by a trombone unit of the VRU 1112. Thus, 
calls are diverted by the router 1116 to the VRU 1112 of the 
service observation system 1113, where some or all of the 
calls may be recorded. Optionally, the router 1116 may be 
programmed to decide which calls to divert to the service 
observation system 1113 . 
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[0094] In practice, a recording operation according to the 
third option proceeds as follows. A caller 1101 places a 
call to a call center 1102 via a PSTN 1103. The call is then 
routed by a router 1116 to a service observation system 1113 
of an off-site recording facility 1114 via a redirection line 
11171. The VRU 1112 of the service observation system 1113 
notifies the caller 1101 that the call may be monitored for 
quality assurance or other purposes. The call is recorded by 
a recorder 1115 connected to the service observation system 
1113. A trombone unit 1118 of the service observation system 
1113 initiates a call back to the router 1116 via a 
redirection line 11172, and the router 1116 then routes the 
call to the call center 1102 from which the call was 
diverted. 

[0095] Then, similar to the first option, the call passes a 
trunking system 1104 to the ACD system 1107, where it is sent 
to the IVR system 1106. The recorder 1115 records the entire 
call via the redirection lines 11171, 11172, including the 
DTMF signals from the caller's touch-tone responses to 
inquiries or prompts from the IVR system 1106, as well as the 
caller-agent interactions, if any. 

[0096] Figures 2B and 2C show the recorder 1115 as a separate 
unit from the service observation system 1113 . It should be 
understood, however, that the recorder 1115 need not be a 
discrete unit but instead can be physically incorporated into 
the service observation system 1113 . 

[0097] For the options described above, it should be understood 
that all of the incoming calls need not be recorded and, 
instead, a selected percentage of all calls, a selected 
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number of calls, or only calls occurring during specified 
times of the day may be recorded, for example. 

[0098] Also, the options described above have various 
advantages and disadvantages, and an option that may be ideal 
for one type of situation may be totally unsuitable for 
another type of situation. 

[0099] For example, the first option is the least flexible, 
because it requires the installation and maintenance of 
recording equipment at the call center or the use of a live 
observer set up at the call center to listen to calls. Also, 
recordings must be transferred to another location for 
analysis, unless analysis equipment (e.g., computers 
configured to run analysis programs) is installed at the call 
center and trained personnel is available to run the programs 
at the call center. Further, if a live observer is used, he 
or she must be trained as to the call flow of the call 
center's IVR system. That is, the observer must know the 
options available to the caller as the caller interacts with 
the IVR system. Also, the data collected by the observer 
must be put into a form that can be analyzed by a computer. 

[0100] Despite the disadvantages of the first option, if a call 
center does not allow recording of calls or only allows 
recording to take place on its premises, it may be the only 
way to obtain data necessary to make an assessment of the 
call center's performance, using the assessment techniques 
described infra. 

[0101] The second option is the most flexible, because it 
allows calls to be recorded and analyzed at a facility 
dedicated to assessing call-center performance. It also 
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enables selective analysis of specific aspects of an IVR 
system. For example, a call center's IVR system may 
initially request a caller to indicate whether the call is 
related to a billing inquiry, an order inquiry, a product 
information inquiry, or other inquiries. The second option 
enables the selective recording of, for example, only those 
calls designated by the callers to be billing inquiries. 
This allows the call center to target one aspect of its IVR 
system at a time for assessment, by monitoring only 
particular extensions associated with that aspect, and 
prevents the unnecessary recording of calls related to 
aspects not being assessed. 

[0102] The second option may be implemented as an automated 
process by setting up the service observation system to 
automatically place a call to the service observation port of 
the ACD system at a designated time and provide the ACD 
system with the appropriate access number. Recordings can 
then be made for calls to the call center at selected hours 
of the day, at selected days of the week, for a selected 
number of calls, for example. Because the recordings are 
made off site, that is, external to the call center, there is 
minimal intrusion in the call center's operations. Also, if 
the service observation system fails for whatever reason, 
this option will not affect incoming calls to the call 
center. 

[0103] Optionally, a call center that handles a large number of 
calls may use multiple lines or a high bandwidth line, such 
as a Tl line, to handle multiple calls simultaneously. 

[0104] Of course, the second option is not available if the 
call center's ACD system does not accommodate external dial- 
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in observation. In such cases, the third option allows for 
calls to be recorded by redirecting (trornboning) them through 
a service observation system. An advantage of trornboning is 
that it allows for a random sampling of calls from 
geographically distributed call centers to be recorded in a 
central location. Trornboning may also be used to enable live 
observers to listen to calls at a central location, if 
recording of calls is not feasible. 

[0105] A disadvantage of trornboning is it precludes the use of 
features such as caller-ID to identify telephone numbers of 
callers, because the identified number will always be the 
telephone number corresponding to the location of the service 
observation system, i.e., where the calls are being 
redirected. Another disadvantage of trornboning is that, 
should there be a break in any of the legs of a tromboned 
call, e.g., a break between the caller and the VRU of the 
service observation system or a break between the VRU of the 
service observation system and the call center's ACD system, 
the caller will be disconnected from the call center. 

[0106] For the above options, calls can be recorded using, for 
example, a standard NT workstation (not shown) . According to 
a preferred embodiment, the calls are recorded onto the 
workstation's hard disk, and the recorded data is later 
transferred to a central server, which is connected to a 
network, so that the recorded data may be accessed by various 
programs of the service observation system for analysis. 
Transfer of the recorded data frees the hard disk to record 
additional calls. 

[0107] Typically, 1 minute of recording utilizes 1 M of hard 
disk space. Therefore, a workstation with 8 G of hard disk 
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space can record 8000 minutes of calls. Of course, the more 
calls 'that are recorded and analyzed, the more accurate the 
assessment of the call center will be, based on statistics 
theory . 

IVR Logging 3 

[0108] When a caller interacts with a call center's IVR system, 
the IVR system automatically keeps a record of, or logs, all 
the significant events that occur during the call. IVR 
logging is different from the end-to-end recording of calls 
discussed earlier. IVR logging 3 is an automated process 
performed by the IVR system itself to sequentially itemize 
the path traversed by each call to the call center. 

- Figures 3A-3F - 

[0109] Essential to IVR logging 3 is a detailed flow chart for 
the call center's IVR system. An IVR flow chart maps out all 
the possible paths a caller can take while interacting with 
the IVR system. An example of an IVR flow chart is shown in 
Figure 3A, which details all the options available when a 
call is made to a town's motor-vehicle department (DMV) call 
center. Another example of an IVR flow chart is shown in 
Figure 3B, which is a combination of Figures 3C-1 and 3C-2. 
Figure 3B details all the options available when a call is 
made to a telephone company's call center. As shown in each 
of the IVR flow charts, all the inquiries or prompts given by 
the IVR system are itemized, as well as all the possible 
touch-tone responses a caller can make to each prompt. 

[0110] The flow of a call through the IVR system consists of a 
series of "states" connected by "transitions." A state 
corresponds to a transaction between the IVR system and 
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another entity, such as the caller, a database, or the ACD 
system, for example. The outcome of a transaction usually is 
a transition, which is a progression from one state to 
another state. Of course, if the caller requests the IVR 
system to repeat a list of choices, the transaction goes back 
to the preceding state without a transition occurring. 

[0111] An IVR system 1201 is schematically shown in Figure 3D. 
A VRU 1202 of the IVR system 1201 is a computer that performs 
the functions of a customer service representative according 
^ to a program stored in a memory 1203 of the IVR system 1201. 

pi That is, the VRU 12 02 serves as an interface between the 

l § caller and the IVR system 1201. The program implements the 

y 

jjf call center's IVR call flow and runs interactively in 

jpjj response to touch- tone buttons pressed by the caller. 

I? 

j^j [0112] The IVR system 1201 also includes a DTMF decoder 1204, 

CI which translates touch-tone sounds into their corresponding 

PI numbers. A memory 1205 of the IVR system 1201 sequentially 

ill stores in a file, for each call, an event log of the 

inquiries and prompts given to the caller, as well as the 
caller's touch-tone responses. Each file contains the 
complete event sequence for the IVR portion of the call, and 
may be stored as part of an event- sequence database of the 
memory 1205. The memory 1205 also stores data indicating at 
what point in the call flow the caller leaves the IVR system 
1201, and whether the caller terminated the call (hung up) or 
was transferred to a live agent. 

[0113] Optionally, a speech recognition system (not shown) may 
be included in the IVR system 1201 to enable the program to 
run interactively in response to the caller's spoken words. 
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[0114] To prepare an IVR log of calls made to the call center, 
the data stored in the memory 1205 is downloaded to another 
computer, where it is analyzed to determine the caller ! s 
responses to inquiries or prompts from the VRU 12 02. That 
is, the other computer translates the recorded data for each 
call into information about the path through the IVR call 
flow traversed by the call, and translates the DTMF responses 
made by the caller at each state of the call. 

[0115] Optionally, instead of downloading the data stored in 
the memory 12 05 to another computer for analysis, the 

O analysis can be performed by a processor (not shown) internal 

i% to the IVR system 1201. 

W .;: 

ill 

111 [0116] In addition to determining the states and caller 

responses for each call, the analysis also determines the 
Uf time of day of the call and how long it takes for the caller 

j |f to respond to an inquiry or prompt, that is, how long it 

Q takes for the caller to make the transition from one state of 

the IVR call flow to another. Thus, IVR log entries for a 
call enable the call to be reconstructed in sequence, 
including the time of the call and the timing of transitions 
from state to state. 

[0117] Figure 3E shows a chart of typical data collected for a 
call. For each state traversed by the call, the outcome is 
listed. Also, the time of entry to each state is listed, 
which can be used to determine how long it takes the caller 
to make the transition to each state. 

[0118] Figure 3F shows an IVR log that includes an area for 
identifying the caller. This enables more than one call to 
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be represented in a single IVR log, without causing confusion 
as to which call a particular entry corresponds to. 

[0119] The IVR logs shown in Figures 3E and 3F keep track of 
what information, if any, is delivered to each caller. 
Therefore, if a caller repeatedly requests a menu to be re- 
played because the options are too numerous and confusing, 
and then eventually hangs up before any information is 
delivered, then the IVR log entries for that call will 
indicate how many times the caller needed the menu to be 
repeated before hanging up. The entries will also show that 
the caller did not receive useful information. If the IVR 
log has many such entries, then re-engineering to improve the 
call flow of the IVR system may be justified. 

[0120] In contrast, conventional IVR logging techniques that 
merely tally the number of times a state is traversed in an 
IVR system provide no insight as to why a particular state is 
traversed more than another state. Such conventional systems 
would not reveal, for example, that the reason a menu state 
was traversed a disproportionately large number of times was 
because callers needed to listen to that menu more than once 
before understanding the options. Therefore, a detailed log 
of the states and transitions of the IVR portion of calls 
enables a more accurate recreation of what occurred during 
calls to a call center, thus enabling a more accurate 
assessment of the call center's IVR system by facilitating 
the identification of weak aspects of the IVR system. As 
discussed in more detail below, an improved IVR system, in 
which callers obtain the information they are seeking in the 
least amount of time and without the use of a live agent, 
reduces the costs involved in running the call center. 
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[0121] IVR logs may be summarized to produce a transition 
report, which gives statistical details on, for example, the 
number of calls that made the transition from one particular 
state to another particular state; the number of calls that 
were abandoned at a particular state; the number of requests 
for a live agent at a particular state; and the number of 
times no transitions were made from a particular state 
because callers requested a repeat of the menu options. As 
will be discussed below, the statistics provided by a 
transition report can be used to produce a user-path diagram, 
which reveals the percentage of callers making the various 
transitions in a call center's IVR call flow. 

[0122] If a caller requests to speak with a live agent, the log 
file for that call will include data indicating the transfer 
time and destination, so that the log file can be matched 
with a recording of the caller-agent interaction to enable a 
complete recreation of the entire call. The recorded caller- 
agent interaction contains the "ground truth" of the call, 
and provides information on whether the caller's question 
could have been answered during the IVR portion of the call 
if the IVR call flow was re-engineered. 



[0123] IVR logs also may be used to generate an error report, 
summarizing errors made by callers, including errors in 
entering account numbers and time-out errors, which occur 
when a call is assumed to be abandoned because no response 
was entered within a pre-set time period. An error report is 
used to determine trouble areas in a call center's IVR call 
flow, so that those areas may be re-engineered to improve the 
call center's effectiveness. 
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[0124] Further, IVR logs may be used to summarize timing 
statistics of events, which are useful in understanding 
whether to develop a shorter route to certain commonly 
requested information than what a current IVR call flow 
allows . 

IVR System Analysis 6 

[0125] IVR system analysis 6, introduced in Figure 1, is a 
computer-based method for determining the complete sequence 
of events in an IVR system- caller dialog, based on a 
recording of at least the IVR section of a call. Recordings 
of calls can be collected in a completely unobtrusive 
fashion, and IVR system analysis determines the complete IVR 
event sequence independently of data from IVR logs. 

[0126] IVR system analysis determines the complete IVR event 
sequence in two steps: event detection and prompt inference. 
The event detection step identifies user input, which may be 
touch- tone or speech input, and selected system prompts. The 
prompt inference step requires: 1) complete knowledge of the 
user input; 2) partial knowledge of system prompts; and 3) 
knowledge of the call-flow logic of the IVR system. Using 
this information, the prompt inference technique of the 
present invention infers the complete IVR event sequence. 

[0127] Complete IVR event sequences are necessary for detailed 
IVR assessments, including the generation of user-path 
diagrams, automation analyses, and routing analyses 
techniques, which are discussed in more detail below. IVR 
system analysis is applicable to touch-tone, speech-enabled, 
and multimodal IVR systems. 
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[0128] IVR system analysis 6 employs three main tools to 
capture the event sequence for the IVR portion of a call: a 
prompt detector, a DTMF detector, and a prompt inference 
tool. The prompt detector and the DTMF detector are used for 
event detection. Optionally, if evaluating a speech-enabled 
IVR system, a speech detector preferably would be employed to 
identify spoken user input in the recordings. Any known 
speech detection algorithm may be used for this purpose. A 
commercially available DTMF detector preferably is used to 
detect touch tones. A prompt detector, to be described in 
J* detail below, preferably is used to identify spoken prompts 

p in the recordings. The prompt detector employs standard 

*{ pattern recognition techniques, in particular, template 

Iff matching, and identifies prompts by matching audio samples of 

j|{ prompts with the audio signal of the recordings . 

ygj [0129] Finally, for all but the simplest IVR systems, a prompt 

SI inference tool is used to infer a complete prompt sequence. 

p. 

While it is possible to detect all prompts in a call using a 
!w prompt detector, this is impractical for complex IVR systems, 

because the detector would need samples for each prompt, and 
complex IVR systems may contain hundreds of different 
prompts . The prompt inference technique of the present 
invention determines a complete prompt sequence from the 
complete sequence of user input and knowledge of the call- 
flow logic. According to the prompt inference technique of 
the present invention, it is necessary to detect only a 
subset of prompts necessary to disambiguate the complete 
sequence . 
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- Figure 4 - 

[0130] Figure 4 illustrates a complete IVR system analysis 
process, which consists of four steps. Optional steps are 
illustrated with dotted circles. In Figure 4, first a 
recording step 101 is performed. Raw audio recordings are 
subjected to wave form conversion in step 102. The resulting 
signal, which may contain one or more calls, is split by a 
call splitter in step 103, such that each call is contained 
in exactly one audio file. This step is not required if the 
U recording equipment delivers recordings that contain only one 

•5 call per file. Second, in step 107, a complete sequence of 

! |? user input is detected using a DTMF detector for touch- tone 

III input. Optionally, in step 106, a speech detector is used to 

detect spoken input. In addition, selected prompts are 

ill 

lp detected using a prompt detector m step 105. Prompt samples 

W- 109 are used to configure the prompt detector. As an 

rj optional third step, a call classifier may be employed to 

;jj identify specific kinds of calls in step 108. Call 

III classification is necessary if the recording equipment 

captures calls from multiple sources and only one specific 
source is of interest. Calls can be classified by detecting 
prompts that uniquely identify each kind of call that is of 
interest. For example, the greeting prompt often differs for 
various kinds of calls. 

[0131] Prompt inference, step 110, is the final step in IVR 
system analysis 6. In addition to the complete sequence of 
touch-tones, prompt (sequence) inference requires complete 
knowledge of the call-flow logic (or specification) 111 and 
at least a partial sequence of detected prompts . The prompt 
inference technique models the call-flow logic as a non- 
deterministic finite-state automaton; the states correspond 
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to prompts, and state transitions are triggered by touch- tone 
sounds, speech, or the absence of user input. Each 
transition represents a specific user response, for example, 
pressing 1 may lead a caller to one prompt while pressing 2 
or providing no input would lead the caller to a different 
menu. Prompt inference determines a complete IVR event 
sequence by determining which state sequence (s) are 
consistent with the detected user input and the call- flow 
logic 111. Algorithms that determine a state sequence in a 
finite-state automaton for a specific sequence of input are 
in the public domain. 

[0132] While standard algorithms can determine a complete event 
sequence in theory, ambiguity in interpreting a sequence of 
user input may arise for several reasons: 

(1) Because callers frequently type ahead, i.e., press a 
touch- tone before hearing the corresponding prompt, there is 
ambiguity in tokenizing a complete sequence of DTMF tones 
into discrete responses to specific touch- tone prompts. 

(2) Event detection is not completely accurate. 
Therefore, there may be errors in the detected touch-tones 
and prompts . 

(3) The call flow sometimes depends on internal 
processing, which cannot be inferred from the recording. For 
example, callers with an overdue account may be handled 
differently from other callers. 

(4) Exactly how the caller left the IVR portion of the 
call, the so-called IVR exit condition, tends to be another 
source of ambiguity. 

[0133] Prompt inference resolves the ambiguity in three steps. 
First, a set of prompts is determined that allows all 
ambiguities to be resolved, and these prompts are detected in 
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step 105. All prompts that immediately follow any ambiguous 
transition in the call flow must be detected. Ambiguous 
transitions occur whenever the next state depends on internal 
processing, such as accessing a database, and whenever a 
timeout (i.e., no user input) leads to a specific new path. 
Second, the algorithm mentioned above infers all state 
sequences (i.e., interpretations) of the detected user input 
that are consistent with the call-flow logic. Third, an 
interpretation is selected that is most consistent with the 
detected prompt sequence. 

[0134] Inferring exactly how the caller left the IVR portion 
(the exit condition) requires special treatment. The exit 
condition indicates whether the call ended in the IVR portion 
with a hangup or whether it was transferred to an agent. 
Because all IVR systems announce transfers to agents to the 
caller, for example with the prompt "Please wait for the next 
customer service representative, " whether a call was 
transferred to an agent can be determined by detecting a 
transfer prompt. If the prompt detector detects a transfer 
prompt, it is inferred that the call was transferred to an 
agent; otherwise, it is assumed that the caller hung up. 
This method of inferring the IVR exit condition fails when 
the caller hangs up during the hold time, before reaching an 
agent. However, for the purposes of IVR system analysis, 
this distinction is not made, and has not been found to be 
necessary. Rather, it is simply indicated whether or not a 
call was transferred to an agent. If necessary, annotation 
analysis 7, described below, can determine whether a call 
that was transferred to an agent actually reached the agent. 

[0135] The event sequence in speech-enabled IVRs can be 
captured in a similar way, with the following modification to 
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the process. Unlike in touch-tone IVR systems, where user 
input is limited to touch tones, which can be reliably 
recognized, recognition of user speech input is error-prone. 
Therefore, a state transition after speech input cannot be 
reliably inferred, unless the state transition only depends 
on whether the user spoke at all. The simple presence of 
spoken input can be detected reliably by a speech detector, 
shown as optional step 106 in Figure 4. However, in all 
other cases, all prompts following spoken user input must be 
detected to disambiguate the complete event sequence. 

[0136] That is, for a speech- enabled IVR system, the analysis 
must rely on prompt detection to disambiguate an event after 
any speech input from a caller. And, to evaluate speech 
recognition performance, all segments of recording that 
contain user speech must be identified, and the true sequence 
of words on those spoken segments must be annotated manually, 
using human transcribers. 

[0137] The inferred sequence of IVR events that is produced by 
the prompt inference technique may be utilized by the 
assessment methodology of the present invention, for example, 
to assist the annotation efforts of transcribers, in step 
112, in generating a full transcript of a call. The sequence 
also is used for statistics generation in step 113, which 
uses it, along with the call-flow specification (logic) 111, 
to generate a user-path diagram 9 and as input for automation 
analysis 8, to be described in more detail below. 

[0138] Transcription analysis captures the sequence of 
significant events for anything that follows the IVR portion 
of a call, i.e., waiting on hold and agent-caller dialogs. 
Significant events include: start of an agent-caller dialog, 
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exchange of information between caller and agent (such as 
account numbers, amounts, dates), and reason for calling. In 
addition, transcription analysis may characterize a call as a 
whole according to certain attributes, such as the level of 
call resolution (was the call resolved or not?) and agent 
courtesy. The present invention, in accordance with a 
preferred embodiment, employs human transcribers to perform 
transcription analysis. 



Annotation 7 

[0139] The annotation techniques of the present invention 
Cj provide a system to, in one embodiment, automatically index 

*? customer (caller) contacts to store them in a semantically 

w 

jjl annotated database, which may be queried. Customer contacts 

!|j in this context include, but are not limited to, calls placed 

I %% 

!i into a call center. They may instead be email received or 

H Web pages accessed. The techniques also may be performed 

61 manually. 

p 

• SB,;; 

m [0140] Annotation of customer contacts may include 

characteristics of a contact's content and quality. 
Characteristics of a contact may include length of 
significant sections of the contact (e.g., in a call, time 
spent in the IVR and on hold and talking to a live agent) and 
mode of termination of the contact (e.g., in a call, whether 
the caller hung up in the IVR portion, while on hold, or 
after talking to a live agent) . Content refers to the 
reason (s) for the contact, the topics/issues "discussed" in 
the dialog (s), the information exchanged, the transactions 
performed, and entities mentioned (e.g., companies). Quality 
refers to the success of the contact, customer satisfaction, 
the quality of the communication with the customer/caller. 
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[0141] Certain kinds of annotations are required input for 
several analysis techniques in an IVR system assessment. For 
example, in the routing analysis 1 and IVR performance 
monitoring 3 techniques, each to be described in detail 
below, the true call type, i.e., the "ground truth" or reason 
for a call, must be annotated; automation analysis 8 requires 
annotations of automatable transactions or, at the very 
least, the call type distribution; a life-of-call diagram 10 
requires annotation of the lengths of various sections of a 
call . 

[0142] Once indexed as a content database of customer contacts, 
standard information retrieval methods can be applied to mine 
this database of customer contacts. An application for such 
a retrieval system includes, but is not limited to, customer 
relationship management (CRM) . 

[0143] A database of customer contacts, e.g., calls, can be 
annotated either manually or automatically. Computer-based 
annotation methods will be described in detail next. Manual 
annotation techniques analogous to the computer-based methods 
can easily be inferred based on the following description. 

- Figure 5 - 

[0144] An architecture for a computer-based indexing system is 
illustrated in Figure 5. IVR system analysis and prompt 
inference techniques 2 01, described above, are used to 
determine a complete event sequence for the IVR portion of a 
call. In a manually effected embodiment, a human transcriber 
listens to recorded calls to distinguish various features to 
be extracted from the caller-agent dialog portion of a call. 
In an automated embodiment of annotation 7, in accordance 
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with the present invention, standard audio mining methods are 
configured to extract various features from the caller-agent 
dialog portion of a call as follows. 



[0145] Audio mining techniques using, for example, a 
speech/non-speech detector 203, a speaker change detector 
204, a large-vocabulary conversational -speech recognizer 205, 
a topic detector 2 06, and a named-entity detector 2 07 are 
known. The speech/non- speech detector 203 identifies speech 
and certain non-speech events, e.g., silence, muzak, hangup 
noise, in the audio signal. The speaker change detector 204 
marks speaker turns; the speech recognizer 2 05 outputs 
sequences of words for every speaker turn; the topic detector 
206 determines a topic (or other content characteristics) at 
various levels, and the named-entity detector 2 07 identifies 
named entities, e.g., companies, people, locations, dollar 
amounts, dates. Data generated by these units serve as input 
to an annotation algorithms unit 208, which annotates calls. 
Specific annotation algorithms for call characteristics, 
content, and quality are described in the following section. 
Semantic annotations that are generated by the annotation 
algorithms unit 2 08 are input to a customer contact content 
database 210. 



[0146] Call characteristics, such as length and termination 
mode, can be determined as follows. The IVR portion of a 
call, including a complete sequence of IVR events, such as 
prompts and user responses, is annotated based on output from 
the IVR system analysis unit 201. The IVR system analysis 
unit 2 01 takes into account the call flow model 2 02 for the 
call (contact) center being investigated when analyzing an 
audio signal. The output also includes the IVR exit 
condition, i.e., whether the caller hung up in the IVR 
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portion or whether the caller was transferred to a live 
agent. If the caller hung up, the exact time of the hangup 
is inferred from output from the speech/non- speech detector 
203, either by detecting hangup noise directly, or by 
inferring it from the presence of a long silence at the end 
of the recording of the call. If the caller was transferred 
to a live agent, a hold section is determined as the section 
between a transfer prompt, the IVR prompt that announces a 
transfer to an agent, e.g. "Please wait for the next 
available agent, " and the first occurrence of a caller-agent 
dialog, which can be inferred from output from the speaker- 
change detector 2 04. 

[0147] The agent-caller portion of a call is first annotated 
with speaker turns, using output from the speaker-change 
detector 204. Which speaker is the agent versus the caller 
can be determined using a speaker identifier (not shown) . 
Algorithms for speaker identification are also in the public 
domain. Additional information, however, is necessary to 
identify agent versus caller. A database with speaker models 
from all agents in the call center can be used, or the agent 
can be inferred as the first speaker after a hold section. 

[0148] The content of a call is annotated using the topic 
detector 206 and the named-entity detector 207. The topic 
detector 2 06 is trained to annotate various kinds of topics 
using a set of calls that were manually annotated with 
topics. Once configured in this way, the topic detector 2 06 
can be used as is. 

[0149] The whole call is annotated with all topics that were 
discussed in the course of the agent-caller dialog using the 
topic detector 206. If only one topic was discussed, this 
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yields immediately the reason for the call (or "call type"). 
If more than one topic was discussed, the reason for the call 
is determined to be the first topic or is inferred from the 
set of discussed topics using predetermined rules. These 
rules must be determined by an expert in the domain of the 
call center. Other content, in particular exchanged 
information and completed transactions, can be annotated 
using a topic detector configured to detect content other 
than topics. For example, the topic detector 2 06 can detect 
information exchanges and transactions if it is trained on a 
set of several hundred calls for which all information 
exchanges and transactions have been manually annotated, in 
certain cases, output from the named-entity detector 2 07 can 
be used as additional input to the topic detector 206. For 
example, to detect stock transactions, all references to 
specific kinds of stock can be detected as the name of the 
respective company in the vicinity of the word "shares." 

[0150] Automatic annotation of quality aspects can be performed 
similarly. To this end, specific quality aspects of interest 
preferably are annotated manually in several hundred calls. 
For example, sections are marked where an agent interacted 
with a customer in a polite manner and in a rude manner, and 
sections are marked where a caller was satisfied and when a 
caller was frustrated. The same statistical models that are 
used for topic detection can then be trained to detect 
specific quality aspects, e.g., sections of a call where the 
agent was rude or in which the caller was angry. 

Mini Assessment 5 

[0151] The above data collection techniques compile detailed 
call sequences on the basis of end-to-end recordings of 
calls. A technique that is referred to as mini assessment is 
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used to create a rough on-line annotation of complete calls 
using manual monitoring of complete calls, including both the 
IVR and caller-agent dialog portions of calls. 

[0152] Mini-assessment is a process for assessing the 
effectiveness of a call center's IVR system by analyzing the 
path a caller takes while interacting with the IVR system. 
The true reason, or "ground truth, " of the call, is then 
determined from a conversation between the caller and a live 
agent. By comparing an implied reason for the call, based 
upon the caller's menu selections while interacting with the 
IVR system, with the ground truth of the call, based upon 
comments and questions that arise in the caller/agent 
conversation, the effectiveness of the call center's IVR 
system is revealed. 

[0153] For example, if the caller, during the IVR portion of 
the call, cycles through the same menu repeatedly before 
requesting to speak with a live agent, then asks the agent 
for information that is available through the IVR system, 
there is a clear indication that the menu options are too 
hard to understand, are too numerous to remember, and/ or do 
not accurately reflect the information available through the 
IVR system. Thus, by knowing the ground truth of the call, 
as gleaned from the caller's interaction with the agent, a 
weakness or inefficiency of the IVR system is identified. 
Similarly, if callers, during the IVR portion of calls, 
repeatedly cycle through a particular menu and then hang up, 
there is an indication that the menu needs improvement. 

[0154] Re-engineering to improve the call flow of the IVR 
system, in order to more efficiently handle calls entirely 
within the IVR system and to reduce the time spent by agents 
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on calls, results in reducing the costs associated with 
maintaining the call center, especially if calls can be 
handled entirely by the IVR system without agent interaction. 
In order to accurately pinpoint areas requiring re- 
engineering, a statistically significant number of calls must 
be analyzed. As is well understood in the field of 
statistics, the more calls that are analyzed the more 
accurate the assessment of the call center can be. Also, 
depending on the complexity of the call center's IVR system, 
that is, the number of paths a caller may take while 
interacting with the IVR system, a statistically meaningful 

13 number of calls may vary from tens of calls to over a 

j p thousand calls. 

t\ [0155] In the mini-assessment process, an observer or analyst 

ill listens to calls to the call center from beginning to end. 

•U The analyst may listen to live calls in real time or may 

Ul listen to end-to-end recordings of calls. The techniques 

.KISS. 

'f; described earlier may be used to observe and/or record the 

'0 calls. 

ill 

- Figures 6A-6C - 

[0156] A flow chart summarizing the mini-assessment process is 
shown in Figure 6A. In step SI, information is gathered 
regarding the call center, including the call flow of the 
call center's IVR system and the different categories of live 
agents that callers may be transferred to. The information 
also includes a complete set of destinations that the agents 
can transfer callers to, as well as rules regarding when such 
transfers are made. The analyst studies the information to 
understand the different possible routes callers may take 
when interacting with the IVR system. 
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[0157] In step S2, a coding sheet is developed for the call 
center. An example of a coding sheet is shown in Figure 6B, 
which is a combination of Figures 6B-1 through 6B-4. The 
coding sheet summarizes the call flow of the call center's 
IVR system into a list of items that the analyst can quickly 
check off when analyzing a call, and also summarizes the 
interaction between the caller and a live agent, if any. 
Also, because the analyst listens to the call even during the 
IVR portion, when the caller interacts with the IVR system 
the analyst can make note of any verbal comments made by the 
caller that would be helpful to identify the purpose of the 
call. 

[0158] The items listed on the coding sheet include menu 
choices made by the caller when interacting with the IVR 
system; whether and how the caller was transferred to an 
agent; functions performed by the agent; whether those 
functions could have been handled by the IVR system; whether 
the agent transferred the call to another agent and, if so, 
the destination of the transfer; whether the first agent 
stayed on the line during the transfer; whether the call was 
further transferred to another agent, etc.; and when the 
caller terminated the call (hangs up) . 

[0159] The coding sheet is also used to note timing 
information, including time spent interacting with the IVR 
system; time spent on hold; time spent interacting with the 
live agent; time spent 1 on transfers; and the total time of 
the call. 

[0160] In step S3 of the flow chart of Figure 6A, the analyst 
listens to and takes notes on live calls, from the time when 
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the caller initially interacts with the IVR system through 
the time when the caller hangs up. This is repeated for a 
desired number of calls. Then, in step S4, the analyst's 
notes are entered on the coding sheet for the call center. 
Optionally, if the call center allows recording of calls 
(step S7), the analyst listens to recorded calls and "codes" 
(fills out the coding sheet) while replaying the calls (step 
S8) . 

[0161] As shown in Figure 6B, the coding sheet is a spreadsheet 
in which items to be coded are listed and each call is 
summarized in a column of the spreadsheet. Space is provided 
for summarizing various aspects of the call. Items marked 
with "1" indicate that they apply for that call. Items left 
blank or marked with "0" indicate that they do not apply for 
that call. 

[0162] The coding sheet of Figure 6B includes entries for the 
date and time of the call, the caller's telephone number and 
gender, and identification letters for the observer 
(analyst) . The upper portion of the coding sheet also 
provides information on whether the call was fully automated, 
whether an agent was involved, and the duration of the call. 

[0163] In the IVR Summary section of the coding sheet, the 
observer lists the menu choices made by the caller. The menu 
choices are determined using a DTMF decoder, which decodes 
the touch-tone selections made by the caller. 

[0164] If the call was incomplete, that is, if the caller 
abandoned the call during the IVR portion without receiving 
any requested information, the coding sheet notes the point 
at which the call was abandoned. If the call was transferred 
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to a live agent, the coding sheet notes how the transfer took 
place. The coding sheet notes the menu choices made in the 
IVR portion of the call, as well as the functions completed 
there, if any. 

[0165] For calls that were transferred to a live agent, space 
is provided on the coding sheet for the analyst to insert 
comments on the problem posed by the caller and how it was 
solved by the agent. The coding sheet also notes whether the 
agent performed functions that could have been performed by 
U the IVR system, as well as whether the agent performed 

jgjj functions that can potentially be handled by the IVR system, 

i|| if so re-designed. Functions that cannot be handled by the 

[% IVR system are also noted on the coding sheet. 

m 

ill 
m 

[0166] Once the desired number of calls has been coded, the 
Q results are tabulated and studied to look for patterns or 

j*t trends indicating areas in which there is inefficient or 

I* unnecessary use of agent time (step S5 of Figure 6A) . That 

is, if a certain function is currently being performed by an 
agent, but which could easily be performed by the IVR system, 
then that function is identified as an area that can be 
improved. Also, as mentioned earlier, if callers cycle 
through a particular menu more than once, then that menu is 
identified as an area that can be improved. 

[0167] Figure 6C, which is a combination of Figures 6C-1 
through 6C-4, shows a summary of tabulated results from an 
analysis of calls to a call center. Statistics are given for 
an average duration of IVR portions of calls, an average 
duration of entire calls, the number and percentage of calls 
that were fully automated, the number and percentage of calls 
that involved a live agent, etc. The summary of tabulated 
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results utilizes that same categories as the coding sheet, so 
that statistics from various aspects of the coding sheet may 
be easily found. 

[0168] Finally, in step S6 of the flow chart of Figure 6A, an 
analysis report is produced based on the tabulated results 
from step S5 . An example of an analysis report is shown in 
Figure 6D. In the "Data" column on the left, problems are 
listed; in the "Conclusion" column on the right, 
corresponding diagnoses are listed, as well as suggested 

, , improvements . 

\»!* 

ri 

;« [0169] The report describes three general categories to be 

CI improved: Quick Hits; Touch-Tone Re-Engineering; and Speech 

: set 

SJ Engineering. In the Quick Hits category, simple improvements 

that can be easily implemented without major cost to the call 

is 

13 center are suggested. Such simple improvements include re- 

j Sr wording, re-phrasing or re-ordering prompts in the IVR 

system, menu selections, and other recorded messages that are 
replayed to callers; adding or removing prompts and menus in 

ill 

the IVR system; and enforcing certain call center policies. 
For example, agents may be inefficiently staying on the line 
with callers until transfers are completed ("warm transfer"), 
even though the policy of the call center is to transfer 
calls without remaining on the line. Also, agents may not be 
using special transfer queues while they remain on the line 
during a transfer, thus further increasing the time spent on 
calls . 

[0170] In the Touch-Tone Re-Engineering category, improvements 
to the call flow of the IVR system are suggested that are 
more difficult to implement and/or incur major costs. Such 
improvements include areas that currently are being handled 
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by live agents, but could also be handled by the IVR system 
if it was re-engineered. For example, the IVR system may be 
re-engineered to request a caller to enter, via touch- tone 
keys, a birth date, a portion of a social security number, a 
car license plate number, etc., which the IVR system uses to 
verify/locate the caller's records prior to transferring the 
call to a live agent. This would save time normally spent by 
the agent to enter the information into a terminal and wait 
for the caller's records to appear. 



if [0171] Similarly, if it turns out that callers frequently enter 

Q wrong account numbers or wrong birth dates, etc., then the 

*!? IVR system may be re-engineered to request re-entry of a 

IJ1 previously entered number, so that a comparison can be made 

5? and the caller notified if the entries do not match. Also, 

111 

n the IVR system may be re -engineered to request more than one 

W type of identification information, usually requested by a 

i" j, i 

Q live agent, so that a cross reference can be made by the IVR 

If 

% system to verify that the caller is authorized to access 

111 certain information from the IVR system before transferring 
the call to an agent. 



[0172] In the Speech Engineering category, improvements in or 
implementation of speech recognition technology is suggested 
for the IVR system. For example, if the call center receives 
a large percentage of its calls from elderly callers and 
callers with certain physical handicaps or callers calling 
from cellular phones, it may be easier for those callers to 
speak their responses to prompts from the IVR system than to 
enter their responses via touch-tone keys. Those categories 
of callers are likely to pretend that the call is from a 
rotary telephone, to avoid interacting with the IVR system. 
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The call center would reduce agent time by re-designing the 
IVR system to provide a speech recognition option. 

[0173] The analysis reports generated in step S6 are then used 
by the call centers to identify and improve areas of 
inefficiency in their IVR systems. As discussed infra, 
significant cost savings can be achieved by reducing the 
amount of time spent by live agents handling calls. This is 
done by identifying functions that can be completed through 
the IVR system and providing menu selections notifying 
callers of those functions. Agent time can also be reduced 
by identifying and eliminating areas of caller confusion in 
the IVR system, which usually result in callers opting out of 
the IVR system by directly requesting to speak with an agent 
or by callers pretending to be calling from a rotary 
telephone. 

Automation Analysis 8 

[0174] The main cost driver in the operation of call centers is 
the cost of agents. The ratio between cost of agents and all 
other costs, including telecom time, and IVR system hardware 
and maintenance, is at least 4:1. Therefore, the assessment 
methodology of the present invention quantifies the cost 
effectiveness of an IVR system in terms of agent time. 

[0175] The total IVR system benefit (cost savings) is defined 
herein as agent time that is saved by the IVR system, 
compared to routing all calls directly to an agent. An IVR 
system "saves" agent time whenever it successfully performs 
tasks that otherwise would be performed by an agent. Tasks 
that typically can be performed within an IVR system include 
identifying the caller, providing information to the caller, 
performing transactions, and routing the caller to an 
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appropriate agent. In some cases, completing these tasks 
successfully may resolve the call and the caller hangs up 
without any assistance from an agent. Such cases of complete 
call resolution will be referred to as full automation. 

[0176] In other cases, the reason for the call is not 
completely resolved by the IVR system, and the caller is 
transferred to a live agent. Although not fully automated, 
completing one or more tasks in the IVR system reduces the 
time that the agent has to spend with the caller. Such cases 
will be referred to as partial automation of calls. In 
summary, an IVR system saves agent time by achieving 
different levels of automation of a call. 

[0177] In the two subsections that follow, IVR system 
automation is formalized and a method of quantifying cost 
effectiveness of an IVR system in a single measure, the total 
IVR system benefit, as measured in agent seconds, is 
described. While the emphasis in this context is on cost, it 
is noted that IVR system automation rates correspond to task 
completion rates. Hence, IVR system automation is a more 
differentiated or specific version of this standard usability 
measure. Thus, total IVR system benefit can be interpreted 
to quantify both cost, benefit and usability of an IVR system. 

[0178] IVR system automation can be measured based on call 
state sequence data. This process is referred to as (IVR 
system) automation analysis. An automation analysis proceeds 
in the following three steps: defining automation 
categories, collecting call profile statistics, and 
calculating automation rates . 
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[0179] In defining automation categories, all tasks that can be 
completed within an IVR system are classified into a few 
distinct categories, such as caller identification, 
information delivery, transaction completion, and routing. 
The completion of these tasks is typically associated with 
reaching a certain state in the IVR system. Therefore, a set 
of completed tasks can be inferred directly from the event 
sequence data for a call, using a simple lookup table that 
documents which IVR states indicate the completion of certain 
tasks . 

[0180] With such a categorization of tasks that can be 
completed within an IVR system, different levels of 
automation correspond to a distinct combination of automation 
categories, which is referred to as a call profile. Given a 
set of calls and their event sequence data, automation 
analysis 8 accumulates counts for each call profile by 
annotating every call with its set of completed tasks. The 
call traffic into an IVR system is thus partitioned into a 
set of call profiles, each representing a distinct level of 
automation. 

[0181] Automation rates, finally, are defined as the percentage 
of automation achieved in each automation category. This 
percentage can be calculated by adding the percentages of all 
call profiles that contain a certain automation category. 
Task completion in an IVR system is thus quantified as 
automation rates. 

[0182] As mentioned above, the IVR system automation analysis 8 
of the present invention advantageously quantifies the level 
of automation achieved by an existing IVR system, as well as 
the potential for improvement. Furthermore, automation 
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analysis 8 quantifies the total (automation) benefit of an 
IVR system in a single measure, which can easily be 
translated into cost savings estimates. 

[0183] Automation is measured by categorizing the manifold 
transactions that an IVR system may offer into four broad 
automation categories, annotating IVR event sequences with 
the level of automation achieved, and annotating all 
automatable transactions that occur in agent-caller dialogs. 
Based on such annotations, existing automation rates and 
upper bounds can be estimated for each automation category, 
as described above. 

[0184] In addition, by obtaining reasonable estimates for how 
much agent time is saved by each automation category, the 
automation rates can be transformed into a single measure for 
the total IVR system (automation) benefit in terms of agent 
seconds saved by the IVR system, simply by multiplying 
automation rates with the time saved and summing up across 
automation categories. 

[0185] IVR system automation analysis 8 includes two parts: 
first, measuring automation as achieved in an existing IVR 
system, and second, measuring the potential for increasing 
automation. 

- Figure 7 - 

[0186] Figure 7 illustrates the process for measuring existing 
automation levels of an IVR system. As discussed below, the 
process illustrated in the figure provides data for a 
spreadsheet that graphically conveys the automation benefit. 
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[0187] As shown in Figure 7, step S10 utilizes stored IVR event 
sequences 301 and a lookup table 302 as input. The lookup 
table has, for each applicable IVR event, the automation 
achieved by that event. Step S10 first annotates sequences 
with the automation achieved, to indicate such automation as 
capture of a telephone number or readout of information 
(e.g., a customer's balance). The data for every call, that 
is, the IVR event sequence, is collapsed into counts for 
distinct call profiles. Finally, the counts for each call 
profile are converted into their relative percentages. The 
output of step S10 consists of call profiles with counts, 
e.g., self-serve 5.6%, to specialist with readout 1.8%. 

[0188] At step S20, a spreadsheet is formed with rows showing 
the call profiles pi, and columns showing the relative 
frequency fi of the call profiles pi, the total benefit bi of 
the call profiles p i7 which is the sum of the benefits of all 
relevant automation categories, and the savings potential Si 
for the call profiles pi. The spreadsheet yields automation 
rates and the total IVR system benefit. 

[0189] The following formulas specify the main calculations in 
the spreadsheet: 

1. Benefit for profile p.: b l = ^ A(i,j)B J} 

j 

where A(i,j)=l if automation category j is achieved/completed 
in profile Pi and 0 otherwise, and where B 3 * is the benefit 
assumption for automation category j . 

2. Total IVR benefit B =^ f t b t . 
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- Figures 8 and 9 - 

[0190] Figure 8 shows an example of a spreadsheet generated as 
described above to assist in IVR system automation analysis 8 
in accord. The left column lists the call profiles. This 
analysis distinguishes two agent types, "specialist" and 
"floor." The next two columns (labeled "Traffic") show the 
breakdown of the total data set, which consists of 3 63 6 
calls, into various profiles. For example, 2% of the calls 
were fully automated, and 18.7% abandoned without providing 
useful information. Then, the three "Automation" columns 
show the automation categories for each profile. The 
analysis is based on three automation categories: "A" for 
capture of the caller's account number, "R" for routing, and 
"I" for delivery of information. For example, the profile 
"Transfer to floor after info readout" achieved capture of 
the account number ("A") and automated delivery of 
information ( n I n ). The bottom row, for the three 
"Automation" columns, show the automation rates by category: 
41.5% capture of account number, 14.5% routing, and 3.1% 
information delivery. The last two columns and the rows 
labeled "Misrouted. . . " are described below. 

[0191] Looking at cost effectiveness from an operational point 
of view, the total IVR system benefit was defined earlier as 
saved agent time. Total IVR system benefit can be directly 
quantified by measuring the average time that a caller spends 
with a live agent, and comparing that time for a call center 
that does not use an IVR system, as a baseline. The baseline 
(no IVR system) can be simulated by routing all callers 
directly to an agent. Evaluating this baseline with live 
customer traffic, however, is impractical, because bypassing 
a deployed IVR system would result in a severe disturbance of 
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the on-going call center operation. A call center must 
provide the best possible customer service at all times. 
Therefore, instead of measuring total IVR system benefit 
directly, the present invention advantageously provides a 
method for estimating the total IVR system benefit based on 
the results of the automation analysis. 

[0192] Automation analysis 8 represents completion rates for 
all tasks that can be automated with an IVR system. The 
missing piece to estimate IVR system benefit is finding out 
how much agent time is saved by completing each task or 
l«* automation category. The savings in agent time for each 

% automation category can be measured based on a transcription 

} B analysis of agent-caller dialogs. Transcription analysis 

;j| inserts codes for completing tasks within agent-caller 

[W dialogs. Based on these codes the present invention allows 

to be estimated, for each task category, how much time agents 
spend on the task. This corresponds exactly to the time 

;3 saved by completing the same tasks in the IVR system. 

I 

51 

111 [0193] Alternatively, if such timing data is not available, all 

the timings may be replaced by standard benefit assumptions, 
as shown in Figure 9. These assumptions represent lower 
bounds and are based on experience gathered from many call 
centers . 

[0194] Given the time saved of agent-caller dialog in each 
automation category, the average agent- time saved by the IVR 
system can be determined easily by multiplying the 
corresponding automation rate with the time saved. In the 
example shown in Figure 8, the two columns labeled "Benefit" 
show the IVR system benefit for each call profile. The left 
column shows the benefit for one call and the right column 
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the average benefit, relative to all 3636 calls that were 
evaluated. 

[0195] For example, the profile "Transfers to floor after info 
readout" indicates that the caller provided the account 
number to the IVR system (A, saving 15 agent seconds) and 
listened to useful information in the IVR system (I, saving 
40 agent seconds) . Adding these up, this profile corresponds 
to a benefit of 55 agent seconds in each instance. However, 
because only 1% of all calls fit this profile, the benefit 
relative to all calls is only 1% of 55 seconds, that is 0.6 
seconds. With standard benefit assumptions, IVR system 
analysis estimates a total IVR system benefit of 13.4 seconds 
of saved agent time, shown in the lower right -most cell of 
Figure 8 . 

[0196] Routing a caller to the right destination is an 
important task of an IVR system, in view of maximizing both 
cost effectiveness and usability. If a caller is routed to 
the wrong agent, who then transfers the caller to another 
agent, both agent and caller time are wasted. This 
subsection presents a method to quantify the effect of 
misrouting on cost effectiveness. To account for misrouting, 
calculation of total IVR system benefit is modified as 
follows. First, routing accuracy is measured for each 
distinct agent category, based on transcription analysis. 
Routing accuracy is defined as the percentage of callers that 
were routed to the correct agent, relative to all callers 
that were routed to that particular agent category. Then, 
the count for each applicable call profile is discounted by 
the rate of misrouting (which is the complement of routing 
accuracy) . The counts thus subtracted are assigned to new 
call profiles representing misrouting. 
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[0197] In the estimation of total IVR system benefit, 
misrouting receives a penalty of agent seconds by assigning a 
negative "benefit" to routing in the automation category, as 
shown in Figure 8. This penalty corresponds to the time that 
the first agent spends talking with a caller until realizing 
that the call has to be transferred to another agent. 

[0198] The example in Figure 8 includes two misrouting profiles 
("Misrouted to specialist"), one with and the other without 
the benefit of caller identification. In this example, 
misrouting reduces the total IVR system benefit by 2 . 8 agent 
seconds, a figure calculated by adding the average "benefits" 
for the two misrouting profiles. 

- Figure 10 - 

[0199] In addition to the above-described automation 
categories, A, R, and I, it is particularly advantageous to 
consider "transactions" as an additional automation category. 
An automation analysis may therefore include the following 
four broad automation categories: customer ID, which is 
referred to as A in Figure 10, routing (R) , info delivery 
(I) , and transactions (T) . Also, estimates for how much 
agent time each automation category saves can be obtained 
using any common sense method, in addition to the two methods 
mentioned herein. An example of such a common sense method 
is timing one's self in relation to how much time would be 
spent in performing the corresponding task, for example 
asking someone for their telephone number. Thus, there are 
three methods for estimating the agent time saved for each 
automation category (benefit assumption) . Namely, the agent 
time saved may be based on: 
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1. time-stamped annotations in agent-caller dialogs; 

2. standard benefit assumptions; and 

3. any other common sense method. 

[0200] A technique for measuring the potential for increasing 
automation is described next. The potential for improvement 
is defined as the difference between the upper bound of 
automation for each automation category and the automation 
achieved in the existing IVR system. Although the automation 
actually achieved may be determined using the method 
described above, two methods effective to determine the upper 
bounds on automation are described in the following 
paragraphs. Also, because automation may be quantified as a 
total IVR system benefit, i.e., the total agent-time saved 
through automation, the potential for increasing automation 
can be translated into a potential for saving agent time and 
thus operational cost of a call center. Note that the 
examples below do not refer to the same hypothetical call 
center that was used as the examples above. Therefore, the 
automation rates in the examples below do not match the ones 
calculated there. 

[0201] The first method measures upper bounds on automation 
based on annotations of automatable transactions in caller- 
agent dialogs. This method will be described with reference 
to Figure 10. In a specific form of annotation, transactions 
that can be automated in the existing IVR system and 
transactions that can be automated in a modified IVR system 
are marked and time-stamped in caller-agent dialogs of a few 
hundred calls, as described also in the discussion of mini 
assessment 5 above. Examples of such automatable 
transactions include: providing the agent with the caller's 
account number, reading the account balance to the caller, 
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and scheduling an appointment for a technician to come to the 
caller's house; other examples are shown in the column 
"automatable transactions" in Figure 10. 

[0202] Once such transactions have been annotated, their 
frequency and average handling time can be estimated. The 
product of frequency and average handling time yields the 
savings potential for a specific transaction, expressed in 
agent seconds. The total opportunity is calculated by adding 
up savings potentials across all automatable transactions, 
and multiplying the total by the percentage of calls that are 
Cl handled by agents . 

: \f ! '?. 

!*] [0203] Figure 10 lists automatable transactions in the left 

m column and then cross references those transactions based on, 

for each automatable transaction (defining rows) , the number 
hi of occurrences, the time spent, the frequency, the savings 

potential, and the automation category (A, R, I, and T) . For 
CI example, the savings potential for making a new payment 

u - arrangement, relative to all calls handled by an agent, is 

2 0.94 seconds x 13.7% = 2.9 seconds. The total savings 
potential is the sum of the savings potential entries for 
each automatable transaction. This opportunity is relative 
to all calls that are handled by an agent. The rate of calls 
handled by an agent, 72% in Figure 10, can be obtained from 
the gathered IVR event- sequence data. An IVR event sequence, 
as discussed above, indicates, for each call, whether the 
call was enabled in the IVR system or was transferred to an 
agent. A weighted opportunity of 16.6 is relative to all 
calls. It is calculated by multiplying the opportunity 
relative to all calls handled by an agent (23.1 agent seconds 
in the example) by the percentage of calls handled by an 
agent (72% in the example) . The numbers in the savings 
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potential column are, for each automatable transaction, the 
product of "time spent" (average time spent by agents on 
handling the transactions) and frequency. In this example, 
the total potential for increasing automation, thus saved 
agent time, is determined to be 16.6 agent seconds relative 
to all calls. A normalization relative to all calls 
facilitates translation of these savings of agent time into 
agent labor savings. The number of agent seconds is simply 
multiplied by the total call volume into the call center, 
which is readily available from standard call center reports, 
and the agent cost per second. 

- Figure 11 - 

[0204] Figure 11 illustrates a second method for determining 
upper bounds on automation. This method is less accurate, 
but also much less costly. Instead of requiring annotation 
of all automatable transactions that occur in hundreds of 
agent-caller dialogs, which may require significant effort if 
annotation is performed manually, this method requires only 
knowledge of the call-type distribution and how an IVR system 
could benefit each of the call types. 

[0205] The call- type distribution, shown in the first two 
columns in Figure 11, is estimated by annotating the call 
types of a few hundred calls that were handled by an agent, 
using one of the annotation methods described in relation to 
the technique for call annotation 7, discussed above. To 
estimate upper bounds on automation based on the call-type 
distribution, for each call type, which are shown as rows in 
Figure 11, the automation categories that are required to 
handle calls for each call type are indicated. In Figure 11, 
a mark (X) in one of the automation category columns 
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indicates that a specific call type benefits from a certain 
automation category. For example, callers of the type 
"balance/billing" would benefit from providing their customer 
ID, making the right menu selections to get to the 
balance/billing section (therefore an X in the routing 
column), and obtaining their account balance (therefore an X 
in the info delivery column) . Once this table has been 
filled out, the upper bound for each automation category is 
simply the sum of all call- type frequencies (shown in the 
column labeled "%Calls") where the automation category column 
is marked. In this example, the upper bound for customer ID 
is 95.7%, 71.5% for routing and information delivery, and 
29.5% for transactions. 



l|i - Figures 12-13 - 

: v 

i; 

Q [0206] To determine the potential for increasing automation, 

!2 the upper bounds on automation are compared with the 

t|! automation rates achieved in the existing IVR system, as 

fe{ illustrated in the bar chart of Figure 12. The existing 

automation rates were measured using the automation analysis 

method described above. 

[0207] As above, potential for operational savings is 
quantified as savings in agent time, expressed in agent 
seconds per call. To transform the potential for increasing 
automation rates into a potential for realizing operational 
savings, the automation rates are multiplied with the 
corresponding benefit assumption, the agent time saved. The 
bottom part of Figure 11 shows this calculation. Once 
automation rates have thus been converted into estimates for 
saving agent time, the potential for saving agent time is the 
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difference between the upper bound and the savings realized 
by the existing IVR system, as illustrated in Figure 13 . 

[0208] The output of the first method can also be visualized in 
the form shown in Figure 13. To this end, the savings 
potential for each automation category is calculated by 
adding up savings potentials for all transactions that are 
assigned to that automation category, as shown in the next to 
last column in Figure 10. 

[0209] It should be noted that the second method yields much 
more optimistic upper bounds on automation than the first 
method described above, because it assumes that every call of 
a specific call type would actually benefit from a certain 
type of automation. However, in reality it is never true 
that all callers of a specific call type can actually get 
their problem solved in an automated (IVR) system, even 
though the service needed is offered in the IVR system. 
Therefore, when trying to glean a realistic estimate for how 
much automation could actually be realized, upper bounds 
derived using the second method must be discounted more 
heavily than upper bounds derived using the first method. 
For the call center used as example above, the first method 
estimated the total upper bound at 30 agent seconds while the 
second method arrived at 40 agent seconds. Note that the 
description of the first method did not include the potential 
for increasing automated capture of customer ID, which was 
quantified at 14 agent seconds, but which was not included in 
Figure 10 to reduce complexity of the figure. 

User- Path Diagrams 9 

[0210] The following subsections introduce user-path diagrams, 
also referred to as state- transition diagrams, as an 

67 



EXPRESS MAIL NO. EL029404298US PATENT 

Attorney Docket No. 01-4008 

extremely useful tool for evaluating usability of call center 
IVR systems. Following the description of user-path 
diagrams, a method is described for conducting timing 
analyses in telephone user interfaces. 

[0211] A user-path diagram is used to visualize user behavior 
of calls placed into a call center by representing the 
actions taken and the final conclusion (level of success) 
reached for many calls. A user-path diagram is a state- 
transition diagram where states correspond to actions or 
prompts in the IVR system, and arcs correspond to user 
responses or actions initiated by the IVR system. Both 
states and arcs (transitions) are annotated with the amount 
of user traffic that reaches a specific state. The amount of 
traffic may be represented by a count number, and absolute 
and/or relative percentages. Each state also shows how many 
customers (callers) left the IVR system at that specific 
state, along with the level of success (i.e., automation or 
completion of the customer's goals) and the IVR exit 
condition. Optionally, transitions in the user-path diagram 
may be annotated with the modality that triggered the 
transition. For example, some transitions may occur after 
pressing "1" or "2", while other transitions occur if the 
caller provides no input ("timeout") or speaks to the IVR 
system. 

[0212] A user-path diagram can be obtained for touch- tone, 
speech-enabled, and multimodal IVR systems. Also, a user- 
path diagram can be generated at various levels of 
abstraction of the call flow of a call center. A state in a 
user-path diagram may represent one specific prompt in the 
call flow, or a prompt with all reprompts and retries, or a 
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complete subsection of the IVR system, representing many 
different prompts. 



- Figure 14 - 



[0213] An exemplary user-path diagram is shown in Figure 14. A 
user-path diagram effectively shows user behavior in an IVR 
system by representing IVR event-sequence data as a tree. 
The nodes of the tree correspond to IVR states or prompts, 
arcs correspond to state transitions, and leaves correspond 
to IVR exit conditions of calls. As is shown in Figure 14, 
0 each node and leaf is marked with the count of calls that 

i« reached the node or leaf, and with two percentages: the 

CI percentage relative to all calls that reached the parent of 

ill ■ 

J- the node, indicated in italics, and the absolute percentage, 

s p 

W relative to all calls in the data set. In addition, although 

h\ not shown in the figure, arcs may be marked with user 

W (caller) input that causes the corresponding state 

3 transition, such as pressing a certain touch-tone button in 

V response to a prompt. Each state also shows how many 

ill n . 

customers left the IVR system at that specific state and its 

exit condition. Such exit conditions include, but are not 

limited to: "self -serve" (or full automation) - the call was 

resolved in the IVR; "to agent" - the call was transferred to 

a live agent; and "abandon" - the caller hung up, either in 

the IVR system without obtaining any useful information, or 

on hold before reaching a live agent. If a call center 

operates with distinct categories of agents, the "to agent" 

category is typically broken down or separated into various 

subcategories, each representing a distinct queue of 

specialist agents. In addition, the level of automation may 

be added to each of the agent categories. Such annotations 

may include: "cold to the floor" (routed to default agent 
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without obtaining any useful information in the IVR system) , 
"to floor with ID (routed to default agent after providing 
the caller ID in the IVR system), "to floor with readout" 
(routed to default agent after obtaining useful information 
in the IVR system), or "to floor with transaction". 

[0214] In the exemplary user-path diagram of Figure 14, 
rectangular boxes represent one or more IVR states, arrows 
represent call traffic, and circles indicate locations where 
calls leave the IVR system. For example, of the 4319 calls 
that this hypothetical data set contains, 234 calls (or 5.4%) 
abandon at the greeting. At the opening menu, 311 calls (or 
7.2% of total calls) are transferred to a "floor" agent, 
claiming they want to establish a new account. At the same 
menu, 4.3% of all the calls reach a "floor" agent for other 
reasons, and 1.1% abandon the call. Figure 15A illustrates 
how to read a user path diagram. 

[0215] IVR systems can be very complex, thus also user-path 
diagrams. To cope with complex IVR systems, usability 
analysis based on user path diagrams can be conducted in a 
modular fashion by clustering IVR states. In such clustered 
user-path diagrams, nodes may represent clusters of states. 
The counts for a clustered user path diagram are obtained by 
adding up counts for all states in a cluster, and by 
eliminating loops, i.e., transitions between two states that 
belong to the same cluster. For example, in Figure 14, "ID 
Entry" and "ALT ID Entry" are state clusters representing a 
call flow for entering account numbers in two different ways. 

[0216] User-path diagrams can be generated from complete IVR 
event sequences for many calls using the following computer- 
based method. The call- flow logic is modeled as a non- 
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deterministic finite-state automaton, which is a standard 
modeling tool in the field of computer science. The start 
state represents the first prompt in the IVR system, most 
often a greeting. Other states of the call- flow model 
represent all prompts where a branching occurs in the call 
flow, be it triggered by some kind of user input or by 
internal processing. In addition, the IVR exit condition is 
captured in a set of end states, representing a caller 
hangup, a transfer to a floor agent, and a transfer to a 
specialist agent. The transitions of the automaton represent 
transitions between call-flow states, which may be triggered 
by caller DTMF dtmf input, spoken caller input, or no input 
(timeout) . 

[0217] After modeling the IVR call-flow logic as a non- 
deterministic finite-state automaton, the IVR event sequences 
are fed through the finite state automaton, using a standard 
acceptance algorithm. During this process, a two way matrix 
of several counters is filled as follows. For every state 
with at least one child (subsequent state) , there are state- 
transition counters and a counter for each distinct modality. 
In addition, for all exit states there are counters 
representing the various IVR exit conditions, separating the 
different levels of automation achieved. 

- Figures 15-16A - 

[0218] Once this two-way matrix of several counters has been 
filled, it can be represented visually as a state-transition 
diagram using standard visualization techniques. Figure 15 
illustrates the process for generating user-path diagrams. 
As shown in the figure, the first step S1001 is performed on 
the basis of a database of IVR event sequences 500, a call- 
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flow model 600, and a lookup table 700. The lookup table 700 
stores, for each applicable IVR event, the automation that 
was achieved. 



[0219] At step S1001, for every IVR event sequence, a 
transition and modality counter is incremented for every 
state transition in the event sequence. Also, an appropriate 
exit condition counter at the IVR exit point, including the 
level of automation achieved, is incremented. At step S1002 
the state transition data is used to produce a user-path 
U diagram 800. Figure 15A illustrates how to read a user path 

diagram. 

Tn [0220] Usability problems can be identified by inspecting user- 

ill path diagrams. Usability problems reveal themselves, for 

111 

example, as parts of the tree that receive little or no 

Q caller traffic, or as states with high rates of abandoned 

ul 

.-■I calls or transfers to an agent. In other words, a user-path 

diagram can be interpreted as a funnel. In this view, 

m "leaks" in the funnel indicate usability problems. 

• %f 

[0221] For example, in Figure 14, the state cluster named " ALT 
ID Entry" receives 9.6% of all calls, but 86% of these calls 
either are abandoned or are transferred to a floor agent, and 
the account number is correctly entered in only 14% of calls. 
Obviously, this part of the IVR system is ineffective. 



[0222] Clustered user path diagrams lend themselves to 
analyzing the effectiveness of sections of an IVR system, 
e.g., the section that identifies the caller. It has been 
found by the inventors that the success rate (or yield) of an 
IVR system on such IVR sections is useful to analyze IVR 
system usability for specific tasks. The yield of an IVR 
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section is defined as the ratio of incoming to outgoing calls 
in the cluster that represents the IVR section. For example, 
the yield for identifying the caller for the IVR shown in 
Figure 14 is (2761+59) /3542=79 . 6%, by adding appropriate 
counts for two state clusters "ID Entry" and 11 ALT ID". 

Routing Analysis 1 

[0223] The performance of an IVR system with regard to call 
routing is important in assessing the IVR system. Routing 
performance can be graphically summarized in a confusion 
matrix. Such a matrix graphically displays the routing 
decisions made by the IVR system in comparison with where the 
caller actually should have been routed, according to his or 
her reason for calling. This information, thus arranged, 
facilitates calculation of the routing accuracy of the IVR 
system. The procedure followed to generate the information 
to be displayed in the matrix is discussed in detail below, 
after a discussion of the confusion matrix itself and what 
can be gleaned from it. 

[0224] An exemplary confusion matrix is shown in Figure 16. A 
confusion matrix uses the information gathered by the IVR 
system analysis 6, the prompt inference 6, and the annotation 
7 techniques and graphically compares the way the IVR system 
routed calls with what was actually intended by the callers, 
that is, the true reason for calling, or "truth". 

[0225] In the confusion matrix shown in Figure 16, the rows 
indicate the destination to which the IVR system actually 
routed the calls in a hypothetical call center. In the 
hypothetical call center, the calls were routed either to 
Specialty 1, Specialty 2, Specialty 3, or to the floor (non- 
specialist agents) . The columns indicate to which specialty 
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the caller actually needed to be routed. Note that the 
numbers along the diagonal from upper left to lower right 
represent correctly routed calls, i.e., 33 calls intended for 
Specialty 1 were actually routed there, 24 calls intended for 
Specialty 2 were actually routed there, 8 of the calls 
intended for Specialty 3 were actually routed there, and 150 
of the calls intended for the floor were actually routed 
there. 

[0226] On the other hand, it can be seen, for example, from the 
matrix that 22 of those calls routed to the floor actually 
should have been routed to Specialty 1. The matrix also 
shows, for example, that the true topic (confirmed by 
interactions with agents) of 55 calls was that corresponding 
to Specialty 1. This topic represents 18% of topic volume 
(55/307 x 100) . The information also indicates that 60% of 
the calls intended for Specialty 1 actually were routed 
there. Conversely, only 51% of the calls routed to Specialty 
1 actually should have been routed there (33/65 x 100) . It 
can also be seen, for example that 16 of the calls intended 
for Specialty 2 were routed to Specialty 1, 2 6 went to the 
floor, while only 8 were correctly routed. This is extremely 
important information in assessing an IVR system, because 
misrouting costs as much as auto-routing saves, in that the 
wrong agent's time is wasted rerouting the call. The overall 
accuracy of the system can be calculated (in %) as the number 
of correctly routed calls (215, adding up the figures in the 
diagonal) divided by the total number of calls (307) and 
multiplied by 100. In the hypothetical, the overall accuracy 
is 70%. 

[0227] To convert the end-to-end call-flow information gathered 
in the IVR logging 3 and annotation 7 techniques into a form 
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that may easily be displayed in the form of a confusion 
matrix requires manipulation of several data files containing 
data gathered from end-to-end calls. The method of 
manipulating those files is described next with reference to 
the flow chart of Figure 16A. 

[0228] First, at step S2 0A, the call flow of a particular IVR 
system is summarized in a specially formatted input file 
(.cfs file). The .cfs file encapsulates a call-flow model 
from information provided by the organization running the IVR 
system and by listening to and making calls to the IVR 
system. At step S20, calls are recorded end to end, as 
discussed in detail above. At step S21, agent-caller 
interaction is coded and annotated. At step S22, event 
detection and prompt inference are performed, with reference 
to the .cfs file, and the IVR portion of the call is 
summarized in a . typ output file. The . typ files (one per 
call) are compiled at step S24 to create a summary (.sum) 
file of, among other items, information collected from the 
caller in the IVR system and the routing destination out of 
the IVR system for each call. 

- Figure 17 - 

[0229] Figure 17 is an example of an excerpt from a .sum file. 
As can be seen, each line contains a summary of a particular 
call . 

[0230] As has been discussed in detail previously, at step S21 
of Figure 16A transcribers annotate the post-IVR portion of 
the call for calls that transfer out of the IVR system, 
noting, among other things, when calls transfer to an agent 
(or end) , topics discussed, information collected, and 
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transactions completed for the customer (caller) . Global 
information about the call, e.g., whether the customer was 
satisfied and whether the problem resolved, may also be 
noted. The coding scheme is summarized, at step S21A in a 
codebook input file ( . cb file). (The transcription analysis 
technique is discussed above.) Then, at step S23, summary 
results are created for the coded transcriptions. The coding 
scheme also combines the coded information for each call with 
that from the IVR system analysis for that call to generate a 
profile of how many callers are asked again for information 
that was requested and/or acquired in the IVR system, and 
cross-tabulates the IVR system routing and the topic (s) 
discussed in the agent-caller dialog to generate a confusion 
matrix, as shown in Figure 16A, at step S26. 

[0231] The files discussed above are described in more detail 
as follows: 

[0232] A .results file includes summary statistics for the 
coded agent-caller transcription; times to collect 
information from callers or provide information to them; in- 
IVR, transfer, hold, and with-agent times; breakdowns of 
calls by any global information items collected; and 
breakdowns of calls by first topic, any topic, topic list, 
call routing (topic) types, information provided or 
collected. The timing statistics are further broken down by 
the routing type of the call. 

[0233] A .summary file gives both IVR system analysis and with- 
agent transcription results in spreadsheet form. Such files 
are discussed in more detail below. 
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[0234] A confusion matrix file is a cross-tabulation of the 
calls routed by IVR system routing and the actual caller 
topic noted in the transcription of the agent-caller portion 
of the call. 

[0235] There are three segments to most calls to an IVR system: 
the IVR portion; the hold portion; and the caller-agent 
interaction. To segment time by call type, the automation 
analysis tools, in addition to creating the .sum file, as 
described above, also create a report (.rpt) file that 
includes summary statistics for time spent in the IVR system 
until transfer or abandonment. The summary results created 
by the transcription analysis techniques include statistics 
on the amount of time spent in the IVR system, in the initial 
transfer to an agent, with an agent, and in subsequent 
transfers for all calls and broken down by call (routing 
topic) type. 

[0236] The information from the .rpt and .results files is then 
combined at step S25 to profile calls, at step S27, by time 
spent in the IVR system for all calls, in the initial 
transfer out of the IVR system, for calls that do not self- 
serve or are abandoned in the IVR system, and after an agent 
takes the call, for calls that transfer out of the IVR system 
and do not hangup during the initial hold. Calls for which a 
call-routing type can be identified have " subprof iles " by 
call type. 

- Figure 18 - 

[0237] This profile information, presented in both tabular and 
graphic (barchart) form, is called a life-of-call diagram, as 
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shown in Figure 18. The above process produces profile 
information for the segment times by call type: 

[0238] A . typ file is generated from client application logs, 
from simulator logs, or from prompt detection/inference. The 
format can be read by a transcriber's standard software tool, 
which allows caller-agent interaction annotations to be 
added. The .typ file acts as the repository of information 
for an individual call, both from the automated IVR system 
analysis and transcriber annotations, and acts as the basis 
M* for analysis by parsing tools. 

. ?| 

5; [0239] A .sum file is a single file for an entire set of data, 

y 

Ijl where a set of data is whatever list of .typ files is 

ft selected for processing as a set. The .sum file consists of 

9 a one-line summary per file of major events in a call 

r| 

fjpj (prompts, DTMF tones, etc.) and the final information on 

51 destination, information exchanged, and the manner of exit 

Si from the IVR system (e.g., to agent or hangup). The file 

Ill acts as the basis for further "batch" analysis, such as 

analysis to create a user-path diagram and to merge 
information from IVR system analysis and caller-agent 
interactions . 

[0240] A .elog file consists of a single file for an entire set 
of data, where a set of data is whatever list of .typ files 
is selected for processing as a set. The file has one 
"paragraph" per file of major events in the call, including a 
list of prompts and responses, the timing of the prompts and 
responses, and various other "global" statistics for a call 
(e.g., number of tries for each piece of information, exit 
states, etc . ) 
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[0241] A .rpt file includes counts and summary statistics 
computed across an entire set of data, where a set of data is 
whatever list of . typ files is selected for processing as a 
set. This file is generated at the same time as the .sum 
file, and includes timing statistics for various checkpoints 
in a call (time to transfer, time to first readout, etc.), as 
well as count breakdowns by various criteria, such as 
destination out of IVR system, number of prompts heard, 
information exchanged, topics given in the IVR system (for 
speech applications), etc. 

[0242] Inputs to an IVR system automation analysis tool include 
a .typ file and a . cfs file. 

[0243] A .typ file, as described above, acts as the basis for 
analysis by an IVR system automation analysis tool. Events 
are noted in pairs of lines: a timestamp line, followed by 
the event (s) that occur at that time. Events include start 
of call, end of call, prompts, DTMF tones, speech 
recognition, topic identification, and coded events as 
annotated by transcribers. The coded events include agent 
greetings, holds, transactions, topics, and transcribed 
customer (caller) speech. Transcriber annotations that refer 
to the entire call (such as whether the customer issue was 
resolved, whether the customer was upset, etc.) can be 
encoded in start-of -call or end-of-call fields. 

[0244] A .cfs file encapsulates a call-flow model in a 
specified format used by IVR system automation analysis 
tools. The .cfs file includes prompt name, information 
collected or provided (readout) at the prompt, subsequent 
prompts, and caller actions that lead to each possible 
subsequent prompt. 
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[0245] The automation analysis tool discussed above takes a 
list of .typ files and a . cfs file as input, and steps 
through each .typ file, parsing out events and their 
associated times, and using information in the .cfs file to 
deduce what information was collected, the final disposition 
(abandon, self-serve, to-agent, etc.) of the call, and the 
sequence of events. The event sequence is vetted to make 
sure that it is possible under the call flow as documented in 
the .cfs file. As each call is processed, counts and summary 

M" statistics are updated, and the entries for that call in the 

fk .sum and . elog files are generated. 

'fKKS' 

■if 

ill [0246] Outputs from the IVR system automation analysis tool 

ill 

m S include a .sum file, a .elog file, a .rpt file, all of which 

t ll 

« are described above. The outputs also include a .counts file 

and a .success file. 

o 

j*j [0247] A .counts file includes a brief overview of counts and 

I" percentages of calls by disposition, full automation, 

transfer to agent, hangup, abandon, prompt detection, or 
simulator failure. This file can be used to detect shifts in 
the success of the prompt detection or the simulator that 
creates the .typ files used for analysis, or in abandon and 
automation rates. 

[0248] A .success file provides, for each type of information 
prompted for in the IVR system, counts and success rates for 
eliciting that information from callers, broken down in 
various ways, such as by number of tries, by mode (DTMF, 
speech recognition, no response), For example, a .success 
file can give the number and percent of callers that provide 
their telephone number by speech at the first try. 
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[0249] The user-path diagrams discussed above are generated 
using the .sum file, created by the IVR system automation 
analysis tool, and the .cfs file. A matrix of from- to pairs 
is generated and updated for each call by parsing the event 
sequence for that call as given in the .sum file. From this 
information, a .trans file is created, which reports the 
total number of calls that transited from state A (usually a 
prompt, start, or end state) to state B for each from- to pair 
observed. When the "to" state is an exit condition (transfer 
to agent or hangup in the IVR system) , the exit information 
from the .sum file is preserved in the .trans file. 

[0250] A .trans file gives the counts of calls that transit 
from state A to state B, along with a breakdown of those 
counts by mode (DTMF, speech, or silence), and is used as the 
input to tools for generating the actual user-path diagram 
(graph) , and to roll up or agglomerate associated states 
(e.g., a prompt and immediate retries) into a single state 
for graphing and analysis purposes. 

[0251] A transcription analysis tool that analyzes transcriber 
(annotator) codes and annotations takes as inputs a list of 
.typ files and a .cb (codebook) file that gives the 
annotators' codes, their names, and topic and routing 
groupings, if applicable, e.g., allowing all billing-related 
topics to be tracked both individually, and collectively as 
"billing". Optionally, a .sum file created by an IVR system 
analysis tool can be inputted, in which case the 
transcription analysis tool will also merge information from 
an IVR system analysis. For each call (.typ file) listed, 
the transcription analysis tool parses the events and 
associated codes in the .typ file. As each call is 
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processed, counts and summary statistics are updated, and the 
entry for that call in the .summary file is generated. 

[0252] Outputs of the transcription analysis tool include a 
.summary file and a .results file. 

[0253] A .summary file gives information for each call (timing 
statistics, topics noted, information exchanged, etc.), at 
one line per call, in a format that can be easily read into a 
spreadsheet program or parsed by other analysis tools. 

[0254] A .results file, as discussed above, includes counts and 
summary statistics computed across an entire set of data, 
where a set of data is whatever list of . typ files is 
selected for processing as a set. The .results file is 
generated at the same time as the .summary file, and includes 
timing statistics for various checkpoints in the call, time 
to exchange each type of information, time with agent (s), as 
well as count breakdowns by various partitions, such as first 
topic, any topic, information exchanged, number of topics, 
number of agents, type of routing agent pool of topic, etc. 

[0255] If a .sum file from an IVR system automation analysis is 
one of the inputs to the transcription analysis tool, the 
.results file that is generated will include merged 
statistics on incidences of callers being queried by an agent 
for information they have already been asked for and/ or 
provided in the IVR system. 

[0256] Sections of a .results file that give call segment times 
(time in IVR portion, time on hold to agent, time with agent) 
broken down by routing type, and timing statistics for calls 
that are abandoned while on hold for an agent, are combined 
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with information from the .rpt file created by the IVR system 
automation analysis tool to generate information on time 
segmentation by call type, i.e., a life-of-call diagram, 
which is discussed next. 

Life-of-Call Diagram 10 

[0257] To conduct timing analyses of telephone user interfaces, 
completion times are measured based on call-event traces, 
which contain time stamps for every significant event in a 
call. Timing analyses can be conducted at various levels of 
detail, ranging from timing broad sections of a call, such as 
IVR, on hold, and agent-caller dialog, to measuring task 
completion times for specific tasks, such as entering an 
account number. 

[0258] Useful insights about caller experience within a 
telephone user interface can be gained by tabulating the 
timing of broad sections for different call profiles, which 
will be referred to as a life-of-call diagram. At least the 
following two profiles should be considered: abandoned calls 
and calls that were transferred to an agent. 

[0259] More profiles should be considered if calls can be 
classified into distinct service categories. Based on 
annotations that characterize the reason for a call, obtained 
from transcription analysis, life-of-call diagrams 
graphically represent user (caller) experience across the 
service categories. For example, the life-of-call diagram in 
Figure 18 shows four different agent categories A-D. It can 
be seen that the call center services calls of type C much 
faster than type A. The profile "Hangup during transfer from 
IVR" shows that callers' patience during a transfer is 
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typically exhausted within 90 seconds of waiting on hold 
while being transferred. 

[0260] Beyond evaluation, the assessment analyses techniques of 
the present invention also provide guidance for improving 
interface design. The following outlines how to apply these 
techniques to the design or redesign of telephone user 
interfaces . 

[0261] IVR system automation analysis and calculation of a 
total IVR system benefit discussed above, can be applied to 
quantitatively compare alternative IVR system designs. For a 
comparative IVR system analysis, automation rates are 
calculated separately for both IVR systems, in the manner 
presented above. Differences in automation rates indicate 
which IVR system design is better, separately for each task 
(automation category) . For a decision based on a single 
number, the difference in total IVR system benefit reveals 
which design is superior overall. 

[0262] Comparative IVR system analysis can thus validate that a 
new IVR system design is indeed better, and furthermore, it 
quantifies the cost savings. Figure 19 compares three IVR 
system designs: the original design and two new designs (an 
initial touch-tone redesign and a final touch-tone and 
speech-enabled design) . The height of the columns indicates 
the total IVR system benefit. 

[0263] It can be seen that the initial touch-tone redesign 
increased total IVR system benefit from 17 to 26 agent 
seconds. By comparing three automation categories "account 
number (entry)", "information delivery", and "routing to 
specialist", it can be seen that this increase is due to 
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improved capture of account number and information delivery. 
Hence, this comparative IVR system analysis validates that 
the touch-tone redesign is indeed superior to the original 
system, and quantifies the savings as 9 agent seconds. In 
this call center, with 15 million calls per year and an agent 
cost-per-minute of 52 cents, this corresponds to annual 
savings of more than $1 million. 

[0264] IVR system automation analysis and benefit calculations 
can provide the necessary business justification of IVR 
system redesign, because the cost savings of a redesigned IVR 
system can be estimated. Based on an automation analysis of 
an existing IVR system and knowledge of usability problems, 
bounds for improvements in the various automation categories 
can be derived. Given such bounds, the total IVR system 
benefit can be projected to calculate bounds on the annual 
cost savings . 

- Figures 19-19A - 

[0265] In Figure 19, for example, the numbers for touch-tone 
and speech-enabled design are based on such benefit 
projections. The projected increase in total IVR benefit to 
34 agent seconds corresponds to annual savings of more than 
$400,000. For the call center at hand, this provides 
justification to implement the speech-enabled design, which 
is expected to greatly improve usability and user 
satisfaction, in addition to the projected cost savings. 

[0266] Given an assessment of automation potential, techniques 
of the present invention can estimate how much of an 
opportunity for savings can be expected to be realized by 
redesigning an IVR system. Based on expected savings in 
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agent time per call, hourly rates for agents, call volume, 
and anticipated costs for implementing changes, a comparative 
business case can be built for touch-tone IVR system re- 
engineering versus speech-enabling a call center's IVR 
system. Figure 19A illustrates the projected benefits for a 
touch-tone redesign versus a speech-enabled design in a case 
study of a customer care center of a large telecommunication 
service provider handling 10 million calls per year. Savings 
for a fully automated system is labeled as maximum automation 
potential, which can never be fully realized. The results 
show that while $1.2 M can be saved through touch-tone re- 
engineering, a speech-enabled interface can provide an 
additional $1 M in savings, for a total of $2.2 M in savings. 
Typically, a call center will implement the touch-tone 
redesign while proceeding with development of the speech- 
enabled interface, offsetting the cost of the speech 
implementation with the money saved from the touch-tone 
redesign . 

[0267] If a decision is made to go ahead with speech 
technology, the first step is to simulate a speech-enabled 
interface and present it to live callers. This enables 
speech data needed for configuring the speech recognizer and 
natural language processing technology to be collected. The 
results are used to optimize a speech-enabled IVR system 
prior to evaluating a prototype on a larger audience using 
thousands of calls. To measure the actual performance of the 
speech-enabled IVR system, the same methodology used during 
assessment of the initial IVR system is applied. Thus, the 
actual benefit delivered by the speech-enabled interface can 
be accurately measured before the speech- enabled IVR system 
is rolled out in production mode. This phased-approach 
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postpones the investment required for hardware and software 
until the benefit of speech is proven. 

IVR Performance Monitoring 4 

- Figure 20 - 

[0268] Another method of monitoring the performance of an IVR 
system involves the use of data logging and analysis to 
provide operational monitoring of IVR system performance and, 
in particular, performance on true benefit measures, such as 
agent- time savings, as defined in automation assessment 
discussed above. IVR system performance monitoring 4 
addresses the problem of deciding when to "tune up" an IVR 
application to recover performance that may have degraded due 
to changing conditions in a call center. In IVR system 
performance monitoring 4, which is illustrated in the diagram 
of Figure 20, an IVR application may use touch- tone or speech 
interfaces. Performance is defined in terms of "true" 
benefits, such as calls routed to the correct destination, or 
customer ID numbers captured correctly. In day-to-day 
operation, it is easy to collect information from the IVR 
system or caller-agent dialogue (CAD) about how calls are 
handled, but it can be difficult or impossible to obtain 
"truth", that is, what the caller really intended, in order 
to determine whether calls are processed correctly. 

[0269] In one embodiment of the invention, as shown in Figure 
20, a data analysis step S2000, as shown in the figure, 
utilizes IVR logs, CAD reports, and "truth" data from an IVR 
unit 900 to determine performance. "Truth" may be determined 
directly, for instance in the IVR system by asking callers to 
indicate correctness, by querying a sample of callers in the 
IVR system for truth, or in an ACD call routing unit 902 by 
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agents 9 03 who indicate correctness either directly with 
correctness judgments or indirectly by their handling of the 
call. For instance, agents who reroute calls 904 to another 
agent skill group indicate by their actions that the call 
must have been misrouted in the first place. Similarly, if 
agents 903 enter a customer ID different from that collected 
by the IVR system, then the IVR system must have been 
incorrect. For such a system in which truth is available, 
the data analysis step S2 000 involves a matching of truth 
against call handling data available from ACD reports and IVR 
logs. Performance measures calculated by running assessment 
data through a performance model 905, such as correct routing 
and correct customer ID entry percentages, can be calculated 
and reported directly. If performance falls below some 
selected threshold, then an alarm can be raised. The data 
analysis step S2000 then generates an IVR system performance 
report 906 and, if performance has degraded below a 
predetermined threshold, a performance degradation alarm 907 
may be set off. 

[0270] When the truth is not available, performance and 
performance degradation may still be inferred from measurable 
quantities that are correlated with truth-based measures. 
Correlated, measurable quantities may include data such as 
the following: 

• percentage of calls routed successfully (not necessarily 
correctly) to agents or self-service; 

• rate of information delivery; 

• rate of completion for available automated transactions; 
and 

• rate of abandon without information. 
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[0271] For systems based on speech recognition and natural 
language processing, the following may also be included: 

• rate of rejection, where the system cannot match any 
recognition text or topic to what is spoken; and 

• average confidence or output score for recognition or 
topic ID. 

[0272] As described above, the data analysis step S2000 for the 
preferred embodiment of IVR system performance monitoring 
uses, as input, logs from the IVR logging process, ACD 
reports, and the true call type, as determined by the agents 
for calls handled by live agents, and as determined by 
querying a small percent of callers that were handled by 
automated fulfillment. Note that callers served by automated 
fulfillment do not have to be queried constantly, rather, 
estimates can be derived by sampling a few hundred calls and 
updating these estimates as necessary. 

[0273] An IVR system performance report 906 is preferably a 
report configured to show current values for several 
parameters that correlate with IVR system benefit. Examples 
of such parameters include rates of transaction completion, 
information delivery, abandon without information, and 
successful routing. These parameters are measured 
automatically as follows. Complete IVR event sequences are 
extracted from the logs, as described above in relation to 
the IVR logging 3 technique. Based on the extracted IVR 
event sequences, rates for different call profiles can be 
estimated using the method for measuring existing automation 
rates, which is described in the above discussion of 
automation analysis 8. In particular, the rates for 
abandoning without information, and the total automation 
achieved on delivering information and completing 
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transactions is thus obtained. Finally, to measure the 
number and rate of successful routing, an IVR system routing 
analysis is performed using the IVR exit point from the event 
sequence and knowledge of the true call-types for calls 
during an appropriate sampling period. A computer-based 
method for performing a routing analysis is described above 
in relation to Figure 16A. 
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[0274] A performance degradation alarm 907, shown in Figure 20, 
is issued whenever at least one of the above parameters falls 
below a certain threshold. These thresholds are determined 
by competent call center personnel when configuring the IVR 
system performance monitor. 



[0275] Telephone interfaces, an important class of human- 
computer interfaces, have been neglected by researchers in 
the field of human- computer interaction. Usability 
Q evaluation and engineering methods for telephone interfaces 

y are not well developed. Decision makers in call centers 

p yield to strong financial pressures, striving to cut costs 

flJ without being able to assess the significant impact of 

usability on customer satisfaction and the financial bottom 
line. To remedy this situation, the present invention 
presents an assessment methodology for telephone user 
interfaces that evaluates both cost effectiveness and 
usability. Moving beyond previous laboratory studies of 
research spoken dialog systems, which evaluate only task 
completion rate and time, the methodology of the present 
invention allows practitioners to evaluate usability of 
telephone interfaces in a systematic and comprehensive 
fashion. Furthermore, this methodology can be applied to 
production call centers that service millions of calls per 
year . 
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[0276] An evaluation of telephone user interface must be based 
on thousands of end-to-end calls. Calls are recorded or 
observed in their entirety to capture the complete user 
(caller) experience, and often thousands of calls are 
necessary to obtain statistical significance in the analyses. 
Methods to analyze such large amounts of audio data 
efficiently have been presented above. IVR system analysis, 
as described above, transforms Gigabytes of audio data into 
complete event traces. For the IVR portion of a call, the 
U event sequence is captured in a fully automated procedure, 

•CI while manual transcription, or audio mining techniques, are 

uii 

used to annotate events in agent-caller dialogs. The 

m assessment methodology of the present invention is applicable 

: p\ not only to commercial, but also to research telephone 

^ interfaces. 

l ** [0277] The above example embodiments of the assessment 

t|-:: 

;Q techniques of the present invention are illustrative in 

nature, and do not limit the scope of the invention, which is 
defined by the appended claims. 
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